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Resources 


* Quick Quizzes™ 

• Illustrated Glossary 
* Flash Cards 

* Media Clips 

• ATPeResources.com 


Introduction 


Commercial and Industrial Wiring focuses on the installation and maintenance of electrical wiring in commercial 
and industrial facilities. This textbook contains 11 chapters covering the use of standards, codes, electrical drawings 
and specifications, and the appropriate tools to safely and properly install and maintain raceway systems, enclosures, 
fittings, conductors, and devices. The operation and installation of common electrical devices and components are 
featured throughout the textbook. A variety of commercial and industrial electrical systems and installation types are 
described. The end of each chapter includes review questions for testing content comprehension. 

This new edition is updated to the 2014 NEC? requirements and features many new and expanded topics. New topics 
include LED lamps, variable frequency drives, and a large section on renewable energy system installations. Expanded 
topics include arc-rated PPE, electrical test instruments and testing procedures, ladder diagrams, nonmetallic conduit 
types, health care essential electrical systems, and structured cabling grounding systems. Additional review questions in 
each chapter cover the new and expanded topics. 


Photographs depict products and 
applications commonly found in 
the field. 
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Review questions test for 
comprehension of content covered. 
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Detailed drawings illustrate 
common commercial and 
industrial wiring installation 
techniques and procedures. 
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Commercial and Industrial Wiring includes access to online Learner Resources that reinforce textbook content and 
enhance learning. These online resources can be accessed using either of the following methods: 

* Key ATPeResources.com/QuickLinks into a web browser and enter QuickLinks™ Access code 249878. 

* Use a Quick Response (QR) reader app to scan the QR Code with a mobile device. 
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Industrial Wiring illustrated Glossary 
i x Flash Cards 
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The online Learner Resources include the following: 


* Quick Quizzes!" that provide interactive questions for each chapter, with embedded links to highlighted content 
within the textbook and to the Illustrated Glossary 

* Illustrated Glossary that serves as a helpful reference to commonly used terms, with selected terms linked to 
textbook illustrations 

* Flash Cards that provide a self-study/review of terms and definitions, applicable codes and standards, 
and equipment 

* Media Library that consist of videos and animations that reinforce textbook content 

* ATPeResources.com, which provides access to additional online resources that support continued learning 


To obtain information on other related training material including the eTextbook for this title, visit the American 
Technical Publishers website at www.atplearning.com. 
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Identify and describe the organi- 
zations and entities that regulate 
workplace safety. 


Describe the potential hazards of 
electrical shock. 


List and describe each of the major 
types of personal protective equip- 
ment (PPE). 


Describe the features and use of 
Ockout and tagout equipment and 
procedures. 


Identify fire safety measures and 
equipment. 


Describe the characteristics of and 
safety procedures for confined spaces. 


Define Current, voltage, and resis- 
tance and describe their relationships 
in electrical circuits. 


Compare the effects of resistive, induc- 
tive, and capacitive loads on circuits. 


Compare true power and apparent 
power, and describe the significance 
of power factor 


Technicians must always work safely. Elec- 
trical safety rules must be followed when 
installing electrical equipment to help pre- 
vent injuries from electrical energy sources. 
Electrical safety has been advanced by the 
efforts of the National Fire Protection As- 
sociation (NFPA), Mine Safety and Health 
Administration (MSHA), Occupational 
Safety and Health Administration (OSHA), 
and state and local safety laws. Understand- 
ing the reasoning behind safety is the first 
step to performing construction work safely. 
Application of the basic rules associated with 
everyday tasks result in safe commercial 
and industrial wiring. The NFPA sponsors 
the development of the National Electrical 
Code® (NEC®) and the NFPA 70E® standard. 


вас Pri ОК" L Am мл УМЕЕ 


The National Electrical Code? (NEC?) is 
a standard on practices for the design and 
installation of electrical products, which 


Safety is fundamental to any electrical work to be performed 

Injuries, fires, and accidents can be prevented and most of 
their effects minimized by using safe work practices. Awareness 
of electrical hazards and knowledge of basic guidelines and 
requirements associated with accident prevention reduces risk 
associated with commercial and industrial: wiring installatior 
projects. Commercial and industrial wiring installation must be 
performed in a safe and efficient manner by technicians that 
are knowledgeable in electricol theory, electrical tools and 
test equipment, and safety. Before commercial and industri- 
atwiring installation can begin, electrical principles must be 
understood 


is published by the NFPA. The purpose of 
the NEC® is to protect people and property 
from hazards that arise from the use of elec- 
tricity. For example, improperly installing 
wiring can result in fire, injury, or death to 
technicians and users. Most city, county, 
state, and federal regulation agencies ref- 
erence the NEC® to set requirements for 
electrical installations. For example, Article 
300 of the NEC® covers requirements for 
permanent wiring installations and Article 
590 covers requirements for temporary 
wiring installations. Although the NEC® 
does not cover safety, Article 590 provides 
requirements that are used to provide safe 
work environments. The NEC® is updated 
every three years. 


A 


The National Fire Protection Associa- 
tion (NFPA) is a national organization 
that provides guidance in assessing the 
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hazards of the products of combustion. 

The purpose of the NFPA is to “provide a 

practical safe working area for employees 

relative to the hazards arising from the 
use of electricity Per NFPA 70E, “Only 
qualified persons shall perform tasks such 

a testing, troubleshooting, and voltage 

measuring within the limited approach 

boundary of energized electrical conductors 
or circuit parts operating at 50 V or more or 
where an electrical hazard exists." 

NFPA 70E was written at the request 
of OSHA and has become the standard 
for electrical safety in the electrical indus- 
try. Its methods for protection are more 
detailed than OSHA requirements. NFPA 
70Е is the basis for the OSHA Subpart S — 
Electrical Regulations. For technicians, 
NFPA 70E addresses requirements such 
as personal protective equipment (PPE), 
and safe approach distance requirements 
that could be encountered in jobs such as 
installing temporary power. Safety rules 
that apply to commercial and industrial 
installations include the following: 

e Always comply with the NECS, state, 
and local codes. 

e Use equipment, components, and test 
equipment listed by the UL or another 
nationally recognized testing laboratory 
(NRTL). 

e Beforeremoving any fuse from a circuit, 
be sure the switch for the circuit is open 
or disconnected and properly verify that 
the circuit is de-energized. Never remove 
fuses from an energized circuit. 

e Always use personal protective equip- 
ment and appropriate safety equipment. 

e Be trained in cardiopulmonary resusci- 
tation (CPR), emergency rescue proce- 
dures, and the use of automated external 
defibrillators (AEDs), if they are present 
in the workplace. 

e Always work with another individual 
when working in a dangerous area, on 
dangerous equipment, or with voltages 
above 600 V. 

* Do not work when tired or taking med- 
ication that causes drowsiness unless 
specifically authorized by a physician. 


e Do not work in poorly lighted areas. 

e Ensure there are no atmospheric haz- 
ards such as flammable dust or vapor 
in the area. 

e Never bypass fuses, circuit breakers, or 
any other safety device. 


Mine Safety and Health 
Administration (MSHA) 


The Mine Safety and Health Administration 
(MSHA) is a federal government agency that 
develops and promotes mandatory safety and 
health standards, ensures compliance with 
such standards, assesses civil penalties for 
violations, and investigates accidents. The 
MSHA enforces compliance with mandato- 
ry safety and health standards in the mining 
industry. As a result, the number of fatal 
accidents and the frequency and severity of 
nonfatal accidents have been reduced. MSHA 
safety rules apply to mining and mineral 
processing operations in the United States, 
regardless of size, number of employees, type 
of commodity mined, or method of extraction. 

For technicians, special MSHA training 
could be required because some tools and 
electrical equipment used or installed in 
certain locations may require MSHA approv- 
al. Certification and approval of electrical 
components may be required to modify 
equipment. Electrical installation work in 
mining environments requires extensive 
procedural requirements and conformance 
to MSHA regulations. 


Occupational Safety and Health 
Administration (OSHA) 


The Occupational Safety and Health Admin- 
istration (OSHA) is a federal government 
agency established under the Occupational 
Safety and Health Act of 1970, which 
requires employers to provide a safe envi- 
ronment for their employees. For example, 
OSHA requires that work areas must be free 
from hazards likely to cause serious harm. 
OSHA provisions are enforced by federal 
inspection. With few exceptions, OSHA uses 
NEC? and NFPA 70E guidelines to ensure a 
safe electrical work environment. 


State Regulatory Agencies 


OSHA encourages each state to develop 
and operate job safety and health programs. 
OSHA then approves and monitors state 
plans. More than twenty-five states have 
OSHA-approved state plans. While gener- 
ally following OSHA regulations, it is quite 
common for state and local plans to be more 
restrictive and specific in certain areas than 
OSHA requirements. Technicians must be 
aware of any applicable state plans in exis- 
tence and ensure work is performed safely 
and in compliance with state requirements. 


ELECTRICAL SAFETY GUIDELINES 


Electrical safety guidelines are used to 
create a safe work environment and prevent 
electrical shock, based on requirements 
of the NFPA, NEC®, MSHA, and OSHA. 
Electrical safety guidelines must be im- 
plemented and followed when performing 
commercial and industrial wiring projects. 
Electrical safety guidelines include elec- 
trical shock prevention, housekeeping, 
understanding safety data sheets (SDSs), 
the use of personal protective equipment, 
proper ladder use, locking-out and tagging 
out equipment on which work is performed, 
fire safety, confined space safety, and over- 
head power line safety. 


Electrical Shock 


Electrical measurements are usually taken 
from exposed electric components that are 
normally enclosed. Safe work habits and 
proper equipment are required to prevent 
electrical shock when working with ex- 
posed electric components. An electrical 
shock is a condition that results any time a 
body becomes part of an electrical circuit. 
Electrical shock effects vary from a mild 
sensation to paralysis and possibly death. 
The severity of an electrical shock depends 
on the amount of electric current in milli- 
amperes (mA) that flows through the body, 
the length of time the body is exposed to 
the current flow, the path the current takes 
through the body, the amount of body area 
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exposed to the electric contact, and the 
physical size and condition of the body 
through which the current passes. Possible 
effects of electrical shock include the heart 
and lungs ceasing to function, and/or severe 
burns where the current enters or leaves the 
body. See Figure 1-1. 

The amount of current that passes through 
a circuit depends on the voltage and resistance 
of the circuit. During an electrical shock, 
the resistance the body offers to the flow of 
current varies. For example, sweaty hands 
have less resistance than dry hands. A wet 
floor has less resistance than a dry floor. The 
lower the resistance, the greater the current 
flow. The greater the current flow, the greater 
the severity of electrical shock to the person. 


Housekeeping 


Housekeeping is the process of maintain- 
ing a work area free of debris, tools not in 
use, and other materials that may pose a 
hazard to personnel working in the area. 
See Figure 1-2. Construction and mainte- 
nance activities result in the generation of 
various types of waste and scrap materials. 
Waste and scrap materials can create safety 
hazards, from unexpected combustion to 
tripping hazards. For example, oily rags 
must be placed in special galvanized 
steel, covered waste containers, which 
are separate from other debris containers, 
to avoid spontaneous combustion. During 
the course of work, scrap materials must 
be removed and placed in appropriate 
containers or locations. For example, fail- 
ure to properly store conduit or remove 
conduit scraps can cause a tripping hazard. 
Unused scrap material must be discarded 
properly. Most construction projects have 
separate containers for scrap conduit and 
scrap conductors. 


Failure to properly control hazardous 
energy sources during electrical equip- 
ment maintenance operations ac- 
counts for over 65,000 injuries annually. 
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Figure 1-1. Possible ef-  gERENEEESENEEIN 

fects of electrical shock . Electrical Shock Effects 
include the heart and 
lungs ceasing to func- 
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cal extension cords. 
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Safety Data Sheets 


А safety data sheet (SDS) is printed 
material used to relay chemical hazard 
information from the manufacturer, im- 
porter, or distributor to the technician. 
This information is listed in English and 
is used to inform and train employees on 
the safe use of hazardous materials. See 
Appendix. АП potentially harmful prod- 
ucts used in a facility must be inventoried 
and have an SDS. This includes chemicals 
used by maintenance technicians, custodial 
staff, building occupants, and contracted 
grounds maintenance and pest control 
workers. An SDS must be presented in 
a 16-section format and include certain 
information required by OSHA 29 CFR 
1910.1200, Toxic and Hazardous Sub- 
stances, Hazard Communication. Before 
2012, SDSs were known as material safety 
data sheets (MSDSs), which contained 
much of the same information, but had no 
prescribed format. 

Chemical manufacturers, distributors, 
and importers must develop an SDS for 
each hazardous chemical. The employer 
must obtain any missing SDS files if they 
are not provided for a hazardous chemi- 
cal. SDS files must be kept up to date and 
well organized to allow quick access to 
information in an emergency. Information 
may be filed according to product name, 
manufacturer, or a company-assigned 
number. 

Chemicals listed on an SDS can be 
identified by name or by a number as- 
signed by the Chemical Abstracts Service 
(CAS). The CAS indexes information 
published in Chemical Abstracts by the 
American Chemical Society. These in- 
dexes assign CAS numbers to specific 
chemicals sequentially. This provides 
a concise means of hazardous material 
identification and efficiency when seeking 
information about specific substances. 
For example, the CAS number for isopro- 
pyl alcohol is 67-63-0. Installers must be 
able to access and interpret SDSs for all 
chemicals located in the facility where 
the installation is performed. 
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Personal Protective Equipment (PPE) 


Personal protective equipment (PPE) is 
clothing and/or equipment worn or used 
by a technician to reduce the possibility 
of injury in the work area. PPE includes 
protective clothing, head protection, eye 
protection, hearing protection, hand protec- 
tion, foot protection, back protection, knee 
protection, rubber insulated matting, and 
fall protection. See Figure 1-3. 

To prevent an accident, electrical shock, 
or damage to equipment, the NFPA, NEC®, 
and OSHA regulations require that electri- 
cal work must be performed by qualified 
persons. A qualified person is a person 
who has demonstrated skills and knowl- 
edge of the construction and operation of 
the electrical equipment and has received 
safety training to identify and avoid the 
hazards involved. A qualified person does 
the following: 

* Determines the voltage of energized 
electrical parts 

* Determines the degree and extent of 
hazards and uses the proper personal 
protective equipment and job planning 
to perform work safely on electrical 
equipment by following NFPA, OSHA, 
equipment manufacturer, state, and com- 
pany safety procedures and practices 

* Performs the appropriate task required 
during an accident or emergency situation 

* Understands electrical principles and 
follows manufacturer procedures and 
approach distances specified by the NFPA 

* Understands the operation of test equip- 
ment and follows manufacturer procedures 

* [nforms other technicians and operators 
of each task performed and maintains 
required records 


For additional information concerning 
products used at a facility the prod- 
uct manufacturer can be contacted 
directly (online or by telephone) for 
the latest version of the SDS. 
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Figure 1-3. Personal 
protective equipment 
(PPE) includes protec- 
tive clothing, head pro- 
tection, eye protection, 
hand protection, and 
foot protection 


Personal Protective Equipment (PPE) 


SAFETY GLASSES 


LEATHER 
PROTECTORS 


ELECTRICAL 
INSULATING 
GLOVES 


Protective Clothing. Protective clothing 
is clothing that provides protection from 
contact with sharp objects, hot equipment, 
and harmful materials. Protective clothing 
is made of durable material, such as denim, 
and should be loose-fitting so as to provide 
air spaces between the layers, but not so 
loose that they interfere with tasks or are 
a hazard. Pockets should allow conve- 
nient access but should not snag on tools 
or equipment. Soiled protective clothing 
should be washed to reduce the flamma- 
bility hazard. 

Arc-rated clothing is required when work- 
ing with live circuits. Arc-rated clothing is 
clothing designed to protect the wearer from 
the extremely short but intense energy re- 
leases of an arc flash. Arc-rated clothing may 
have different levels of protection, which is 
measured in calories per square centimeter 
(cal/cm?). Shirts and pants may be arc rated 
from about 4 cal/cm? to 8 cal/cm?. Further 
protection, up to 40 cal/cm? or greater, 


ARC-RATED 
CLOTHING 


т^ ELECTRICAL-HAZARD- 
RATED (EH-RATED) 
SAFETY SHOES 


can be provided by layering arc-rated cloth- 
ing or donning special flash suits. Arc-rated 
clothing also provides resistance to the 
forces of the shock wave from an arc flash. 

Rating requirements for clothing vary de- 
pending on the task, the voltage and available 
fault current of the live circuit, the proximity 
of the technician to live conductors, and other 
factors. These requirements are categorized 
in the NFPA 70E standard. 

Flame-resistant (FR) clothing may or may 
not have an arc rating. Non-arc-rated FR 
clothing is designed for exposure to lower 
temperatures for a longer duration, which is 
not adequate for the conditions of an arc flash. 
Head Protection. Head protection requires 
using a protective helmet. A protective hel- 
met is a hard hat that is used in the workplace 
to prevent injury from the impact of falling 
and flying objects, and from electrical shock. 
Protective helmets resist penetration and 
absorb impact force. Protective helmet shells 
are made of durable, lightweight materials. 


А shock-absorbing lining consists of crown 
straps and a headband that keeps the shell 
away from the head to provide ventilation. 
Protective helmets are identified by class 
of protection against specific hazardous 
conditions. 

Class E and G helmets are used for 
construction and industrial applications. 
Class G protective helmets protect against 
low-voltage shock, burns, and impact 
hazards, and are commonly used in con- 
struction and manufacturing facilities. 
Class E protective helmets protect against 
high-voltage shock, burns, impact hazards, 
and penetration by falling or flying objects. 


Eye Protection. Eye protection must be 
worn to prevent eye or face injuries caused 
by flying particles, contact arcing, and ra- 
diant energy. Eye protection must comply 
with OSHA 29 CFR 1910.133, Eye and 
Face Protection. Eye protection standards 
are specified in ANSI Z87.1, Occupational 
and Educational Eye and Face Protection. 
Eye protection includes safety glasses, face 
shields, and arc-rated hoods. See Figure 1-4. 

Safety glasses are an eye protection de- 
vice with special impact-resistant glass or 
plastic lenses, reinforced frames, and side 
shields. Plastic frames are designed to keep 
the lenses secured in the frame if an impact 
occurs and minimize the shock hazard when 
working with electrical equipment. Side 
shields provide additional protection from 
flying objects. Tinted-lens safety glasses 
protect against low-voltage arc hazards. 
Goggles are an eye protection device with 
a flexible frame that is secured on the face 
with an elastic headband. 

A face shield is an eye and face protec- 
tion device that covers the entire face with 
a plastic shield, and is used for protection 
from flying objects. An arc-rated face shield 
is rated to protect against arc-flash hazards 
and is designed to direct the flash away from 
the face and neck and is rated based on the 
energy available from a given arc flash. The 
wearing of an arc-rated face shield also 
requires the wearing of safety glasses or 
goggles underneath. 
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An arc-rated hood is an eye and face 
protection device that covers the entire head 
and is used for protection from an arc flash. 
Its arc rating is labeled directly on the hood. 


` * Eye Protection 


REINFORCED FRAMES 
(NON-CONDUCTIVE) 


IMPACT-RESISTANT 
GLASS OR PLASTIC 


SIDE SHIELDS 


SAFETY GLASSES 


CONNECTION TO 
PROTECTIVE HELMET 


PLASTIC ARC-RATED 
FACE SHIELD 


IMPACT-RESISTANT SHIELD 


FULL HEAD COVERAGE 


RATING LABEL 


ARC-RATED HOOD 


Figure 1-4. Eye protection includes safety glasses, face shields, and 


goggles. 
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Figure 1-5. Earmuffs are 
ear protection devices 
worn over the ears to 
provide protection from 
excessive noise. 


Safety glasses, face shields, and goggle 
lenses must be properly maintained to pro- 
vide protection and clear visibility. Lens 
cleaners are available that clean without risk 
of lens damage. Pitted or scratched lenses 
reduce vision and can cause lenses to fail 
on impact. 


Hearing Protection. Hearing protection 
devices are worn to limit the noise entering 
the ear and include earplugs and earmuffs. 
An earplug is a hearing protection device 
made of moldable rubber, foam, or plastic 
and inserted into the ear canal. Earplugs 
are required when working on or near live 
circuits, including when verifying a circuit 
is de-energized. Earmuffs are protection 
device worn over the ears that limits noise 
by forming a tight seal around the ears. See 
Figure 1-5. 


Eormuffs 


CONNECTOR FOR ATTACHMENT 
TO PROTECTIVE HELMET 


EAR CUPS PROVIDE 
NOISE PROTECTION 


Salisbury 


PLASTIC CUSHION 
PROVIDES TIGHT SEAL 


EAR CUP ADJUSTMENT 
MECHANISM 


Power tools and other types of equipment 
can produce excessive noise levels. Techni- 
cians subjected to excessive noise levels can 
develop hearing loss over time. The severity 
of hearing loss depends on the intensity 
and duration of exposure. Noise intensity 


is expressed in decibels. A decibel (dB) is a 
unit of measure used to express the relative 
intensity of sound. 

Ear protection devices are assigned a 
noise reduction rating (NRR) number based 
on the level of noise reduction. For example, 
an NRR of 27 means that the noise level is 
reduced by 27 dB when tested at the factory. 
To determine approximate noise reduction in 
the field, 7 dB is subtracted from the NRR. 
For example, an NRR of 27 provides a noise 
reduction of approximately 20 dB in the field. 


Hand Protection. Hand protection includes 
gloves worn on the hands to prevent inju- 
ries caused by cuts or electrical shock. The 
appropriate hand protection required is deter- 
mined by the duration, frequency, and degree 
of hazard to the hands. Electrical insulating 
gloves are gloves made of dielectric rubber 
that are used to provide maximum insulation 
from electrical shock caused by contact with 
energized equipment. Electrical insulating 
gloves are classified and marked with a 
maximum working voltage range that can 
be from 500 V up to 36,000 V. Maximum 
voltage ranges have an embossed label on 
each glove with a corresponding color mark- 
ing. See Figure 1-6. Leather protectors are 
leather gloves worn over electrical insulating 
gloves to prevent damage to the electrical 
insulating gloves. Leather protectors do not 
provide protection against electrical shock. 

Warning: Electrical insulating gloves 
are designed for specific applications. 
Leather protectors are required for protect- 
ing electrical insulating gloves and must not 
be used alone. Electrical insulating gloves 
offer the highest resistance and greatest 
insulation. Serious injury or death can re- 
sult from improper use or using outdated, 
damaged, and/or the wrong type of gloves 
for the application. 

The proper care of leather protectors is 
essential to user safety. Leather protectors 
must be inspected when inspecting electrical 
insulating gloves. Metal particles or any 
substance that could physically damage 
electrical insulating gloves must be removed 
from a leather protector before it is used. 


The entire surface of electrical insu- 
lating gloves must be field tested (visual 
inspection and air test) before each use. In 
addition, electrical insulating gloves must 
be laboratory tested by an approved labo- 
ratory every six months. Visual inspection 
of electrical insulating gloves is performed 
by stretching a small area (particularly 
fingertips) and checking for defects such 
as punctures or pin holes, embedded or 
foreign material, deep scratches or cracks, 
cuts or snags, or deterioration caused by 
oil, heat, grease, insulating compounds, 
or any other substance which may harm 
dielectric rubber. 

Electrical insulating gloves must also be 
air tested during use when there is cause to 
suspect damage. The entire surface of the 
glove must be inspected by rolling the cuff 
tightly toward the palm in a manner such 
that air is trapped inside the glove, or by 
using a mechanical inflation device. When 
using a mechanical inflation device, care 
must be taken to avoid over inflation. The 
glove is examined for punctures and other 
defects. Puncture detection can be enhanced 
by listening for escaping air by holding the 
glove to the face or ear to detect escaping 
air. Gloves failing the air test must be tagged 
as "unsafe" and returned to a supervisor for 
proper disposal. 

Proper care of leather protectors is es- 
sential for user safety. Leather protectors 
are checked for cuts, tears, holes, abrasions, 
defective or worn stitching, oil contami- 
nation, and any other condition that might 
prevent them from adequately protecting 
rubber insulating gloves. Any substance that 
could physically damage electrical insulating 
gloves must be removed before use. Elec- 
trical insulating gloves or leather protectors 
that are defective must not be discarded or 
destroyed in the field, but must be tagged 
unsafe and returned to a supervisor. 


Foot Protection. Foot protection is shoes 
worn to prevent foot injuries that are typ- 
ically caused by objects falling less than 
4' and having an average weight of less 
than 65 Ib. Safety shoes with reinforced 
steel toes protect against injuries caused 
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by compression and impact. Insulated 
rubber-soled shoes are commonly worn 
during electrical work to help prevent 
electrical shock. 


* *- Hand Protection 


ELECTRICAL INSULATING GLOVE CLASSES 


ELECTRIC INSULATING 
GLOVES 


LEATHER PROTECTORS 


Figure 1-6. Hand protection includes gloves worn on the hands to 
prevent injuries caused by cuts or electrical shock. 


Electrical-hazard-rated (EH-rated) foot- 
wear is footwear manufactured with noncon- 
ductive electrical-shock-resistant soles and 
heels. EH-rated footwear is intended to pro- 
vide a secondary source of protection against 
accidental contact with live electrical circuits, 
electrically energized conductors, parts, or 
apparatus. EH-rated footwear must be capable 
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of withstanding the application of 14,000 V 
at 60 Hz for one minute with no current flow 
or leakage current in excess of 3.0 mA, under 
dry conditions. OSHA and the NEC? do not 
require EH-rated shoes or boots because the 
EH rating cannot be maintained once they are 
worn in the field; however, most technicians 
wear EH-rated shoes or boots because they 
do provide some degree of protection against 
electric shock. 

Protective footwear must comply with 
ANSI Z41, Personal Protection—Protective 
Footwear. Thick-soled work shoes are worn 
for protection against sharp objects such as 
nails. Boots made from waterproof materi- 
als such as PVC/polyurethane compositions 
or neoprene are used when working in damp 
locations. 


Back Protection. A back injury is one of the 
most common injuries resulting in lost time 
in the workplace. Back injuries are the result 
of improper lifting procedures. Back inju- 
ries are prevented through proper planning 
and work procedures. Assistance should be 
sought when moving heavy objects. When 
lifting objects from the ground, ensure the 
path is clear of obstacles and free of hazards. 
When lifting objects, the knees are bent and 
the object is grasped firmly. Objects are lifted 
by straightening the legs and keeping the 
back as straight as possible. Keep the load 
steady and close to the body. 

Long objects such as conduit may not be 
heavy, but the weight might not be balanced. 
Long objects should be carried by two or 
more people whenever possible. When car- 
ried on the shoulder by one person, conduit 
should be transported with the front end 
pointing downward to minimize the pos- 
sibility of injury to others when walking 
around corners or through doorways. 


Knee Protection. A kneepad is a rubber, 
leather, or plastic pad strapped onto the 
knees for protection. Technicians who spend 
considerable time working on their knees or 
who work in close areas and must kneel for 
proper access to equipment wear kneepads. 
Buckle straps or hook-and-loop fasteners 
secure kneepads. See Figure 1-7. 


Knee Protection 


BUCKLE STRAP 
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CLOSURES 
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Figure 1-7. Kneepads are worn by tech- 
nicians who spend considerable time 
working on their knees or who work in close 
areas and must kneel for proper access 
to equipment. 


Insulating Matting. Insulating matting 
is a floor covering that provides techni- 
cians protection from electrical shock 
when working on live electrical circuits. 
Dielectric black fluted rubber insulating 
matting is specifically designed for use 
in front of open cabinets or high-voltage 
equipment. Insulating matting is used to 
protect technicians when voltages are over 
50 V. There are two types of insulating 
matting that differ in chemical and phys- 
ical characteristics. Insulating matting is 
designated as Type I natural rubber and 
Type II elastomeric compound matting. 
See Figure 1-8. 


Fall Protection. Fall protection equipment 
is used by technicians for bodily protection 
in the event of a fall from a work area. Falls 
account for about 8% of all fatal occupa- 
tional injuries from trauma and about 3696 
of all construction fatalities. Fatal falls are 
typically caused by unstable working sur- 
faces, misuse of fall protection equipment 
and systems, and human error due to lack 
of training. 
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Figure 1-8. Rubber insulating matting provides technicians protection from electrical shock when working on live 


electrical circuits. 


Fall protection equipment includes 
body harnesses, lanyards, and body belts. 
A body harness is a fall protection device 
worn by a technician that consists of straps 
that are secured evenly to the body to more 
evenly distribute the weight forces during 
a fall. A lanyard is a piece of rope or cable 
with a snap hook on each end. A lanyard is 
clipped to a body harness on one end and a 
lifeline or anchorage at the other end. An 
anchorage is a secure point of attachment 
to a fixed object capable of safely sup- 
porting an individual in the event of a fall. 

A body belt (safety belt) is a device that is 
worn around the waist that aids in securing 
technicians in awkward positions. Per OSHA 
requirements, a body harness must be used 
for fall protection as opposed to a body belt 
(safety belt) because a body harness mini- 
mizes damage to the body in the event of a 
fall by more evenly distributing bodyweight. 
See Figure 1-9. A body belt (safety belt) is 
allowed only as part of a positioning system. 
A positioning system is a system used to hold 
a technician in place while keeping their 
hands free to perform work. Positioning 
systems are not considered to be a part of 
fall protection equipment. 

Fall protection equipment must be in- 
spected prior to use for damage or weak 
spots, that it fits properly, attaches properly 


to a suitable anchorage, and is maintained 
and stored in a temperature- and humidity- 
controlled environment. In addition to the 
requirements for fall protection, self-disci- 
pline must be used to avoid common slips 
and falls on the job site. For example, a 
pipe or conduit must never be used as a 
step. Obstacles should be stepped around 
as required. 


For protection from electrical hazards, personal protective 
equipment (PPE) must always be worn when performing any type 
of electrical work. 
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Figure 1-9. A body har- 
ness minimizes damage 
to the body in the event 
of a fall by more evenly 
distributing body weight. 


"t Body Harnesses 
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Ladders 


A ladder is a structure consisting of two 
side rails joined at intervals by steps or 
rungs for climbing up or down. Common 
types of ladders used when working on 
commercial and industrial wiring instal- 
lations include stepladders and extension 
ladders. A stepladder is a folding ladder 
that stands independently of support. 
Stepladders are commonly 2’-0” to 207-0” 
in length. Because stepladders are easily 
portable and provide adequate working 
height for most applications, they are 
used more often than any other ladder. See 
Figure 1-10. An extension ladder is an 
adjustable-height ladder with a fixed bed 
section and one or more sliding, lockable 
fly sections. The bed section is the lower 
section of an extension ladder. A fly sec- 
tion is an upper section of an extension 
ladder. See Figure 1-11. 


According to ANSI A14.5 Standard 
type 1A extra heavy-duty fiberglass 
ladders are rated to hold 300 Ib and 
are designed to meet most local codes. 
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Figure 1-10. A stepladderis a folding ladder 
that stands independently of support. 
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Figure 1-11. An extension ladder is an 
adjustable-height ladder with a fixed bed 
section and sliding, lockable fly section(s). 


A pawl lock is a pivoting hook mech- 
anism attached to the fly section(s) of 
an extension ladder. Pawl locks are used 
to hold the fly section(s) at the desired 
height. The three main parts of a pawl 
lock are the hook, finger, and spring. See 
Figure 1-12. 

The rungs rest into the hook of each 
pawl, preventing downward movement of 
the fly section. The fly section is lowered by 
first moving the fly section up just enough 
for a rung to pass through the finger of the 
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pawl lock. The fly section is then lowered. 
When lowered, the rung forces the finger up, 
preventing the rungs from resting into the 
hook. To hold the fly section in place, the 
pawl lock must be lowered slightly below 
a rung to allow the finger to drop. The fly 
is then raised slightly to allow the spring to 
force the pawl hook over the rungs. 

Fly sections are typically raised and 
lowered with the use of a pulley, halyard 
anchor, and halyard. A halyard is a rope 
used for hoisting or lowering objects. A 
halyard must be a minimum of 38” in di- 
ameter with a minimum breaking strength 
of 825 lb. The halyard is threaded through 
the pulley attached to the bottom rung of the 
fly section and the other end is usually tied 
off at the bottom. See Figure 1-13. 

When performing any commercial or 
industrial wiring installations, because there 
is a possibility of contact with exposed 
energized parts, all ladders used must be 
made from wood or have nonconductive 
(fiberglass) side rails. The purpose of the 
nonconductive side rails is to minimize the 
possibility of electrical shock to the ladder 
user. Receiving a mild electric shock while 
standing on a ladder can cause the ladder 
user to fall. 


Many of an installer's tasks are typically performed while standing on 
a nonconductive fiberglass ladder. 
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The advantages of wood ladders include 
relatively low cost, ability to take abuse, 
nonconductivity of electricity, and good 
temperature-insulating qualities. Because 
they are nonconductive, wood ladders are 
safe to use when working around power 
lines and service-entrance conductors. 
Wood ladder temperature-insulating quali- 
ties also prevent the transmission of exces- 
sive heat or cold to a technician. 

The disadvantages of wood ladders 
include deterioration with age, shrinkage 
causing loose rungs when the wood becomes 


FLY SECTION 
BEING RAISED 


SPRING BEING 
COMPRESSED 


FINGER 
CLOSED 


FLY-SECTION 
SIDE RAIL 


FLY SECTION 
BEING LOWERED 


Figure 1-12. A pawl lock is a pivoting hook mechanism attached to the fly section(s) of an extension ladder. 


dry and warm, and the maintenance of the 
wood's integrity through regularly coating 
them with clear shellac or linseed oil. Wood 
ladders must never be painted because paint 
covers any visible defects. 

Wood ladders must be stored on their 
edge away from excessive dampness, dry- 
ness, and heat to reduce the possibility of 
warping. Wood ladders must be stored by 
hanging horizontally on hooks spaced a 
minimum distance of 4' to 6' apart, which 
prevents sagging and offers easy access to 
a ladder for inspection. 
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Figure 1-13. Many fly sections are raised 
and lowered with the use of a pulley, 
halyard anchor, and halyard. 


Technicians typically use fiberglass 
ladders rather than wood or metal ladders. 
Advantages of fiberglass ladders include 
not conducting electricity when clean and 
dry, withstanding physical abuse, having no 
surface finish requirements, and being more 
comfortable to use than metal ladders in 
cold or hot environments. Disadvantages of 
fiberglass ladders include cracking and fail- 
ure when overloaded or severely impacted. 
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Safety guidelines for safe portable ladder 
usage include the following: 

* Use wood ladders or ladders with fiber- 
glass side rails when performing electrical 
installations. 

e Prior to use, inspect the ladder for dam- 
age such as cracks, broken or missing 
steps, and rotted wood. 

* Verify rubber feet on bottom of ladder 
are secure to prevent slippage. 

* Place the ladder on a firm foundation. 

* Verify pitch does not exceed 1’ of horizon- 
tal distance for each 4’ of vertical rise. 

* Usearope to secure ladder at top of work 
area as required. 

e Barricade work area as required to pre- 
vent incidental contact with ladder while 
work is in progress. 

* Extension ladders used to gain roof ac- 
cess must protrude at least 3’ above the 
point of support. 

* Do not allow more than one person on 
a ladder at one time unless the ladder is 
rated for such use. 

* Do not go beyond the highest step al- 
lowed for a specific ladder. 

* Maintain ladders in good working 
condition. 


Lockout/Tagout 


Lockout is the process of removing the 
source of electrical power and installing 
a lock, which prevents the power from 
being turned on. Tagout is the process 
of placing a danger tag on the source of 
electrical power, which indicates that the 
equipment cannot be operated until the 
danger tag is removed. 

A tagout does not prevent the startup 
of equipment, but serves as a warning to 
operating and service personnel. A tagout is 
used alone when a lockout is not possible. 
Danger tags include warnings such as "Do 
Not Operate" and provide space to enter 
worker, date, and lockout reason informa- 
tion. Tagouts are attached by hand and must 
be easy to read, durable, and resistant to 
accidental removal. Lockouts and tagouts 
must be tough and must resist damage from 
environmental and working conditions. 
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АП types of hazardous energy are 
covered by lockout/tagout rules. 


Lockout/tagout is a combination of the 
lockout and tagout processes used to help 
prevent a piece of equipment from becom- 
ing reenergized, or stored energy from 
being released while work is performed on 
the equipment. See Figure 1-14. 

Since lockout and tagout are almost 
always performed in conjunction with one 
another, the term lockout/tagout is often 
used. A lockout device is a lightweight 
enclosure that allows for the lockout of a 
standard control device. Lockout devices 
include hasps that allow for multiple locks 
to be installed. Multiple locks are used 
when more than one worker is working on 
a specific task. Lockout/tagout devices are 
typically available in kits. 


Following facility lockout/tagout proce- 
dures is required when performing wiring 
installation. For example, an operating control 
panel requires the installation of new con- 
ductors. To safely perform the installation, 
the control panel must be de-energized to 
remove the possibility of electric shock. If it 
is determined that opening a circuit breaker 
removes all sources of electrical energy to 
the control panel, then, in accordance with 
lockout/tagout procedures, the circuit breaker 
is opened. To prevent the circuit breaker from 
being closed while work is in progress, a 
locking device, such as a padlock, is placed 
on the operating handle of the breaker. A tag 
marked “DANGER - DO NOT OPERATE" 
is also placed in conjunction with the lock to 
warn other personnel not to attempt to close 
the breaker. Once the work is completed, the 
lock and tag can be removed in accordance 
with the established procedure and power can 
be restored to the circuit. 


Lockout/Tagout 


LOCKOUT/TAGOUT PROCEDURES 
| Before Working on Equipment 


Notify all personnel affected by lockout/tagout. 


Stop equipment and remove all power sources. Release 
any stored electrical energy and/or pressurized air of fluid. 


Secure moving parts as required. 


Apply lockout/tagout. 


Measure for voltage using voltmeter. Test all controls to 
ensure power is off. 


Verify all controls are in OFF position. 
After Working on Equipment 


Remove tools, release secured moving parts, and prepare 
equipment for operation. 


Make sure all affected personnel are clear of equipment. 


Replace all safety guards and controls. 


Remove lockout/tagout. 


Energize and test equipment. 


Figure 1-14. Lockout and tagout procedures protect installers by preventing equipment operation and warning 
other personnel about potential dangers. 


Lockout/tagout activities are performed 
in accordance with established procedures. 
Technicians performing contract work with- 
in a facility must adhere to that particular 
facility's lockout/tagout procedures. Lockout 
and tagouts do not by themselves remove 
power from a machine or its circuitry. OSHA 
provides standard procedures for equipment 
lockout/tagout. Lockout is performed and 
tagouts are attached only after the equipment 
is turned off and tested. To perform lockout/ 
tagout per the OSHA standard, apply the 
following procedure: 

1. Notify all personne! affected by lockout/ 
tagout. 

2. Prepare equipment for shutdown by iso- 
lating it from any components, devices, 
or related equipment from the area. 

3. Turn equipment off. 

4. Release any stored energy in locked-out 
equipment. 

5. Apply lock or locking hasp to equipment. 

6. Verify that equipment is not energized 
by testing for the presence of voltage 
with voltmeter (multimeter). 

7. Verify that all controls are in OFF 
position. 

8. Apply "DANGER — DO NOT OP- 
ERATE” tag with installer's name or 
identification number to locked-out 
equipment. 

Warning: Personnel should consult 
OSHA 29 CFR 1910.147, The Control 
of Hazardous Energy (Lockout/Tagout) 
for industry standards on lockout/tagout. 
OSHA 29 CFR 1910.333, Selection and 
Use of Work Practices addresses the specif- 
ic requirements of Subpart S— Electrical. 
These regulations govern the locking 
and tagging of circuits that have been 
de-energized. NFPA 70E Article 120, 
Establishing an Electrically Safe Work 
Condition addresses Lockout/Tagout in 
detail as well as other aspects necessary 
for ensuring a work environment free of 
electrical hazards. 

Lockout/tagout kits are also available. A 
lockout/tagout kit contains items required 
to.comply with OSHA lockout/tagout stan- 
dards. Typical lockout/tagout kits contain 
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reusable danger tags, padlocks, multiple 
lockout devices, plug lockout devices, tag ties, 
a screwdriver, and information on lockout/ 
tagout procedures. See Figure 1-15. A lock- 
out/tagout must be checked to ensure power is 
removed when returning to work after leaving 
a job for any reason or when a job cannot be 
completed in the same day. Workers must 
receive training on the lockout/tagout proce- 
dures in place. Workers who have not received 
lockout/tagout training are not authorized to 
perform lockout/tagout procedures. 
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Figure 1-15. Typical lockout/tagout kits contain reusable danger tags, 
padlocks, multiple lockout devices, plug lockout devices, tag ties, a 
screwdriver, and information on lockout/tagout procedures. 


OSHA requires that employees ex- 
posed to workplace hazards be given 
in-house safety training at regular inter- 
vals. In-house safety training is required 
to be documented by the company 
and signed by the employees receiving 
the training. 
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Fire Safety 


Fire safety requires established procedures 
to reduce or eliminate conditions that could 
cause a fire. Guidelines in assessing hazards 
of the products of combustion are provided 
by the NFPA. Prevention is the best strategy 
against potential fire hazards. Technicians 
must take responsibility in preventing con- 
ditions that could result in a fire, including 
proper use and storage of lubricants, oily rags, 
solvents, and immediate cleanup of combusti- 
ble spills. The chance of fire is greatly reduced 
by good housekeeping practices. 

In the event of a fire, an installer must 
act quickly to minimize injury and damage. 
An alarm must be sounded if a fire occurs. 
All technicians must be alerted, and the fire 
department notified. Before starting any 
work, all technicians must be advised of 
the location of the nearest telephone and 
fire alarm reporting station for summoning 
emergency medical assistance. A telephone 
must be reasonably close to the workplace, 
readily accessible, and functional throughout 
the work period. When a telephone is not 
available, two-way radios or some other 
positive means of rapid communications 
must be employed. Cellular telephones can 
be used only if they are checked to make sure 
they are operational in the area and approved 
by the supervisor. Law prohibits the use of 
cellular telephones in an explosionproof 
environment. A procedure to evacuate the 
premises and account for all personnel after 
the fire department is notified must be in 
place and practiced on a regular basis. 

АП facilities must have a fire safety plan. 
A fire safety plan establishes procedures 
that must be followed when a fire occurs. 
The fire safety plan lists the locations of the 
main electrical breaker, fire main, exits, fire 
alarms, and fire extinguishers for each area 
of a facility. 


A flash fire can ignite and completely 
burn non-arc-rated clothing in 1.5 sec, 
causing fhird-degree burns on affected 
areas of the body within 3 sec. 


Fire Classifications. The five classifica- 
tions for fires and fire extinguishers are 
Class A, Class B, Class C, Class D, and 
Class K. Class A fires include burning 
wood, paper, textiles, and other ordinary 
combustible materials containing carbon. 
Class B fires include burning oil, gas, 
grease, paint, and other liquids that convert 
to a gas when heated. Class C fires include 
burning electrical components such as mo- 
tors. Class D is a specialized class of fires 
including burning metals such as aluminum, 
zirconium, titanium, magnesium, sodium, 
and potassium. Class K fires include grease 
in commercial cooking equipment. Fire 
extinguishers are selected for the class of 
fire based on the combustible material. Only 
fire extinguishers marked Class C (or Class 
A-B-C) can be used on electrical fires. See 
Figure 1-16. 

Fuel, heat, and oxygen are required 
to start and sustain a fire. A fire goes out 
when any one of the three is removed. Fire 
extinguishing equipment does not take the 
place of facility fire protection personnel 
or the local fire department. Proper au- 
thorities must be notified whenever there 
is a fire in the facility. Electricians must 
know the locations of all fire extinguish- 
ing equipment in a facility and be ready 
to direct firefighters to the location of 
the fire. In addition, electricians must be 
able to inform firefighters of any special 
problems or conditions that exist, such as 
downed electrical wires, leaks in gas lines, 
locations of gasoline or propane tanks, and 
locations of flammable materials. 

Fire extinguishing equipment, such as 
fire extinguishers and water hoses, must 
be routinely checked according to facility 
procedures. The instructions for use should 
be read before using a fire extinguisher, 
and the correct fire extinguisher must be 
used for the class of fire. Fire extinguishers 
are normally painted red but could also be 
painted yellow or made of stainless steel. 
Fire extinguishers are usually located on 
a red background with a bright red arrow 
directly above the location so that they can 
be located easily. 


Fire Extinguisher Classes 
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SOLVENT TANK 


LIQUIDS • GREASE 


PALLETS 


АА ORDINARY COMBUSTIBLES 


MOTORS * TRANSFORMERS 


ZIRCONIUM TITANIUM 


ALUMINUM 


PASTE 


VY COMBUSTIBLE METALS 


[1 FLAMMABLE LIQUIDS 


CIRCUIT BREAKER 
PANEL 


K—COMMERCIAL COOKING GREASE 


Figure 1-16. Fire extinguisher classes are based on the combustibility of the material. 


Confined Spaces 


A confined space is a space large enough 
that a technician can physically enter and 
perform assigned work, but has limited or 
restricted means for entry and exit, and is 
not designed for continuous employee oc- 
cupancy. Confined spaces include storage 
tanks, process vessels, boilers, ventilation 
or exhaust ducts, sewers, underground 
utility vaults, pipelines, and open-top 
spaces more than 4’ in depth such as pits 
and ditches. 


Confined-Space Hazards. Spaces that are 
small, are crowded with obstructions, or 
have limited access are considered hazard- 
ous. Confined spaces are also particularly 
susceptible to containing oxygen-deficient, 


toxic, or explosive atmospheres. Oxygen 
deficiency is caused by the displacement 
of oxygen by leaking gases or vapors, the 
combustion or oxidation process, oxygen 
absorbed by the vessel or product stored, 
and/or oxygen consumed by bacterial 
action. Oxygen-deficient air can result in 
injury or death. See Figure 1-17. 

Leaking gases such as methane (CH,), 
carbon monoxide (CO), and hydrogen 
sulfide (H,S) commonly cause combustible 
atmospheres. An increase in the oxygen 
level above 21% (normal range) further 
increases the explosive potential of com- 
bustible gases. Finely ground materials 
including paint pigments, coal, grain, 
fibers, metals, and plastic resins can also 
cause explosive atmospheres. 
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Figure 1-17. Oxygen- 
deficient atmospheres 
in confined spaces can 
cause life-threatening 
conditions. 


POTENTIAL EFFECTS OF OXYGEN- 
DEFICIENT ATMOSPHERES' 


Sisypen 
, Commen! 


15=19:5 


Ellpcht and 
Бүт М 


Minimum permissible oxygen level 


Decreased ability to work — . 
strenuously. May impair condition 
and induce early symptoms in 
persons with coronary, pulmonary, 
or circulatory problems 


Respiration exertion and pulse 
increases. Impaired coordination, 
perception, and judgement 


Respiration further increases in 
rate and depth, poor judgement, 
lips turn blue 


Mental failure, fainting, 
unconsciousness, ashen face, 
blue lips, nausea, and vomiting 


Eight minutes, 100% fatal; 6 
| minutes, 5096 fatal; 4—5 minutes, 


recovery with treatment 


* Values are approximate and vary with state of health and 
physica! activities 

1% by volume 

tat atmospheric pressure 


Coma in 40 seconds, convulsions, 
respiration ceases, death 


The explosive range is the range of con- 
centrations in which a combustible gas is 
potentially explosive. The lower explosive 
limit (LEL) is the lowest concentration 
(air-fuel mixture) at which a gas can ignite. 
Concentrations below the LEL are too lean 
to burn. The upper explosive limit (UEL) is 
the highest concentration (air-fuel mixture) 
at which a combustible gas can ignite. 
Air-fuel concentrations above the UEL are 
too rich to burn. 

Gases are combustible between the LEL 
and the UEL. However, any combustible 
gas is a concern. Lean mixtures can collect 
in areas and reach combustible levels. Rich 
mixtures can be diluted with air and become 
combustible. Gas detection instruments are set 
to sense the presence of combustible gases at 
levels that forewarn technicians of potentially 
hazardous combustible atmospheres before 
the LEL is reached. See Figure 1-18. Howev- 
er, gas concentrations at only 1% of the LEL 
can produce headache, nausea, difficulty in 
concentration, lack of coordination, and other 
symptoms. Gas detection instruments must 
always be used, as some gases are odorless 
and colorless. 
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Bacharach, Inc. 


DETECTION INSTRUMENT 


Figure 1-18. Gas detection instruments are 
set to sound a warning alarm when com- 
bustible gases reach a potentially explosive 
level. 


Mine Safety Appliances Co. 


Gas detection instruments are available 
for a variety of gases and applications. 


Toxic gases include leaking product 
gases that pose health dangers, such as 
carbonyl chloride (COCI,), natural gas, and 
carbon dioxide (CO,). Heated materials 
such as cadmium-plated bolts can produce 
toxic gases. Cleaning solvents or chemical 
reactions with cleaning solvents and other 
materials can release toxic gas. 

Warning: Confined-space procedures 
vary in each facility. For maximum safety, 
always refer to specific facility procedures 
and applicable federal, state, and local 
regulations. 


Confined-Space Permits. Confined-space 
permits are required for work in confined 
spaces based on safety considerations 
for workers. A permit-required confined 
space is a confined space that has specific 
health and safety hazards associated with it. 
OSHA 29 CFR 1910.146, Permit-Required 
Confined Spaces, contains the requirements 
for practices and procedures to protect 
workers from the hazards of entry into 
permit-required confined spaces. 
Confined spaces are grouped into catego- 
ries containing or having a potential to con- 
tain a hazardous atmosphere, containing a 
material that has the potential for engulfing 
an entrant, having an internal configuration 
such that an entrant could be trapped or as- 
phyxiated by inwardly converging walls or 
floor that slopes downward and tapers into 
a smaller cross section, or containing any 
other recognized safety or health hazard. 
Permit-required confined spaces require 
assessment of procedures in compliance 
with OSHA standards prior to entry. See 
Figure 1-19. A non-permit confined space 
is a confined space that does not contain or, 
with respect to atmospheric hazards, have 
the potential to contain any hazards capable 
of causing death or serious physical harm. 
Conditions within a confined space can 
change with tasks such as welding, painting, 
or solvent use in the confined space. 
Employers and electrical contractors 
must evaluate the workplace to determine 
if confined spaces are permit-required 
confined spaces. If confined spaces exist in 
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the workplace, the employer or contractor 
must inform technicians of the existence, 
location, and danger posed by the spaces 
by posting danger signs or by other equally 
effective means. In addition, the employer 
must develop a written permit-required 
confined-space program. A written permit- 
required confined-space program specifies 
procedures, identification of hazards in each 
permit-required confined space, restriction of 
access to unauthorized personnel, control of 
hazards, and monitoring of permit-required 
confined spaces during entry. 


Entry Permit Procedures. An entry permit 
must be posted at confined-space entrances 
or otherwise made available to entrants 
before entering a permit-required confined 
space. See Figure 1-20. The permit is signed 
by the entry supervisor and verifies that 
pre-entry preparations have been completed 
and that the space is safe to enter. A permit- 
required confined space must be isolated 
before entry to prevent hazardous energy or 
materials from entering the space. Facility 
procedures for lockout/tagout of permit- 
required confined spaces must be followed. 


Mine Safety Appliances Co. 
Confined spaces are tested for oxygen level and contaminants before 
entering. 
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Figure 1-19. Procedures к“, 
for entering a confined wo» 
space must follow es- 
tablished OSHA safety 
standards. 


Does the workplace contain permit-required confined 


YES 


Inform employees as required by §1910.046(c)(2). 


Permil-Required Confined Spaces 


spaces as defined by §1910.146(b)? NO —— Consult other applicable OSHA standards. STOP 
l 7 | 


Prevent employee entry as required by §1910.146(c)(3). Do task 


Will permit spaces be entered? NO 
YESE— — 


from outside of space. 


Task will be done by contractors'employees. Inform contractor as 
Will contractors enter? YES — = required by 81910.146(c)(8)(i)(ii), and (iii). Contractor obtains 
NO information required by §1910.146(c)(9)(i)(ii), and (iii) from host. 


| 


Will host employees enter to 
perform entry tasks? 
YES 


Prevent 
unauthorized 
entry. 


NO 
STO! 


Does space have known or potential hazards? 
YES 


| Can the hazards be eliminated? YES 
ОЕ". 


| Сап the space be maintained іл a condition safe | = | tered under §1910.146 (c)(5). STOP? 
to enter by continuous forced шшш only? "n m era ` 319 (с)(5) 
N 


Prepare for entry via permit procedures. 


Verify acceptable entry conditions (test results recorded, 
space isolated if needed, rescuers/means to summon 
available, entrants properly equipped, etc.). 

YES 


Permit issued by authorizing signature. Acceptable 


entry conditions maintained throughout entry. | 
E YES 


Entry task completed. Permit returned and canceled. 


Audit permit program and permit based on evaluation of 
entry by entrants, attendants, testers, and preparers, etc. 


1 Title 29 Code of Federal Regulations 1910.146, Appendix A. 


E re 
| Both contractors and host employees will enter the space? NO 
vil ——— — Ui" 


Coordinate entry operations as required by 


1910.146(c)(8)(iv) and (d)(11). Prevent unauthorized entry. 


NO Not a permit-required confined space. §1910.146 does 
not apply. Consult other OSHA standards. 


Employer may choose to reclassify space to non-permit 


2 
required confined space using §1910.146 (c)(7). -— 


Permit not valid until conditions meet 
permit specifications. 


Emergency exists (prohibitited condition). Entrants evacuated 
entry aborts. (Call rescuers if needed.) Permit is void. 
Reevaluated program to correct/prevent prohibited condition. 
Occurrence of emergency (usually) is proof of deficient 
program. No re-entry until program (and permit) is amended. 
(May require new program.) 

CONTINU 


2 Spaces may have to be evacuated and re-evaluated if hazards arise during entry. 


A facility can develop its own version of 
a confined-space permit form, but OSHA 
requires that certain items be included. 
The custom permit checklist must include 
the following: 
Permit date 
Time 
Permit expiration date 
Supervisor name 
Atmospheric testing results prior to entry 
Atmospheric testing results during work 


e Safety equipment requirements 
* Communication procedures 
e Rescue procedures 

Standby personnel (commonly referred to 
as a "hole watch") must remain just outside a 
confined space while workers are inside. The 
hole watch person is responsible for periodi- 
cally testing and recording the atmospheric 
conditions, monitoring the workers inside 
the space, and assisting rescue personnel in 
the event of an emergency. 
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Confined-Space Entry Permits 


CONFINED-SPACE ENTRY PERMIT 


NOTE: This form must be completed prior to entry of the confined space and posted near the entry opening. Upon completion of the 
project or expiration of the permit, a copy must be forwarded to EHSS. 


Date of Issue: 


Expiration Date: 


Time: 


Time: 


Location: 


Description of Space: 


Job Task: 


Hazard Assessment: 


Attendant(s): 


Signature of Employees to Enter: 


TIME/DATE %LEL(10%) 


%0,(19.5- 
23.5) 


INITIALS 


Figure 1-20. A confined-space entry permit is posted at the entry of a confined space prior to entering the space. 


The duration allowed by an entry permit 
must not exceed the time required to com- 
plete the assignment. The entry supervisor 
must terminate entry and cancel permits 
when an assignment has been completed or 
when new conditions exist. New conditions 
are noted on the canceled permit and used in 
revising the permit-required confined-space 
program. Canceled entry permits must be 
filed for at least one year. 

Training is required for electricians 
who are required to work in or around per- 
mit-required confined spaces. A certificate 
of training must include the technician’s 
name, the signature or initials of the 


SIGNATURE 


trainer(s), and the dates of training. The 
certificate must be available for inspection 
by authorized officials. 


Overhead Power Line Safety 


Overhead power lines are electrical con- 
ductors designed to deliver electrical pow- 
er and that are located in an aboveground 
aerial position. Overhead power lines are 
suspended from ceramic insulators, which 
are attached to wood utility poles or metal 
structures. Overhead power lines are gen- 
erally owned and operated by an electric 
utility company. Overhead power-line 
conductors 600 V or higher can have no 


SUPERVISOR AUTHORIZING ENTRY (PRINT) 


INSTRUMENT 
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covering (uninsulated), while low-voltage 
systems such as service drops to buildings 
consist of insulated conductors. 

Electrical power lines must be located 
far enough overhead or out of reach so as 
to not pose an electrical hazard. Electri- 
cal equipment such as transformers and 
power panels must also be isolated by 
fences, locked in buildings, or buried un- 
derground. Entrances to electrical rooms 
and other guarded locations containing 
exposed energized electrical parts must 
be marked "HIGH VOLTAGE — DO NOT 
ENTER,” forbidding unqualified persons 
to enter. 

A utility is a service provided to the 
public, such as those requiring electrical 
and plumbing hookups in a building. Utility 
company electrical workers and linemen are 
skilled electricians who have received ex- 
tensive and specific training to safely work 
on and near energized overhead power lines 
and are equipped with the proper personal 
protection equipment and tools. Workers 
in other occupations, including residential/ 
commercial/industrial electricians, tech- 
nicians, engineers, and supervisors, are 
unqualified (unless trained) to approach 
overhead power lines closer than an estab- 
lished safe distance. Per NFPA 70E, if the 
line voltage exceeds 50 kV, the minimum 
overhead line clearance for nonqualified 
individuals is 10’ plus 4” for every 10 kV 
over 50 kV. 


ELECTRICAL PRINCIPLES 


In order to understand electrical operation, 
an understanding of electrical principles 
is required when performing installation 
projects. Distribution systems are rated by 
type of current flow, voltage level, maxi- 
mum Current value, and number of phases. 
In addition to these basic ratings, electrical 
equipment is often rated by the energy 
it can deliver under certain conditions. 
Usually, calculations and circuit analysis 
for these values is not required in the field. 
Equipment nameplate data or manufactur- 
er’s tables and charts typically provide the 


information required for commercial and 
industrial wiring. 

An equipment nameplate is an em- 
bossed rigid plate affixed to a piece of 
equipment that lists the equipment’s 
important electrical and/or mechanical 
characteristics. An equipment nameplate 
includes relevant data such as tempera- 
ture, voltage, and mechanical operating 
conditions, and wiring diagrams. See Fig- 
ure 1-21. However, understanding basic 
electrical operation associated with system 
and equipment ratings is required when 
performing a commercial or industrial 
wiring installation. Improper installation 
of system components and devices can 
result in equipment damage, fires, and 
injury to personnel. 

Electrical principles are used in the ap- 
plication of Ohm’s law. For example, a ter- 
minal screw that is not properly tightened 
(torqued) to a specified value can present a 
high resistance at that point in the circuit. 
High resistance affects voltage within the 
circuit, which can affect circuit operation. 
Additionally, high resistance produces 
certain predictable results when electrical 
current flows through the resistance, such 
as excessive heat. Depending on its sever- 
ity, excessive heat may have little short- 
term effect on equipment operation or it 
can quickly produce catastrophic results. 
In addition to Ohm’s law, other principles 
that relate to electrical operation include 
voltage, current, resistance, inductance, 
capacitance, impedance, and power. 


Ohm’s Law 


Ohm’s law is the relationship between 
current (7), voltage (V), and resistance (R) 
in a circuit. Ohm's law states that current 
in a circuit is proportional to the voltage 
and inversely proportional to the resis- 
tance. Any value in this relationship can be 
calculated when the other two values are 
known. The relationship between voltage, 
current, and resistance can be visualized 
by presenting Ohm's law in pie chart form. 
See Figure 1-22. 
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Figure 1-21. Equipment nameplates include relevant data such as temperature, voltage, and mechanical oper- 


ating conditions, and wiring diagrams. 


V = VOLTAGE (IN V) 
{= CURRENT (IN А) 
R= RESISTANCE (IN О) 


VOLTAGE = 
CURRENT x RESISTANCE 


VOLTAGE 


CURRENT = RESISTANCE 


VOLTAGE 
CURRENT 


RESISTANCE = 


Figure 1-22. Ohm's law is the relationship 
between voltage (V), current (D, and 
resistance (R) in a circuit. 


MECHANICAL RATING — SHOWS 
MOTOR FRAME SIZE 


One volt (1 V) of electromotive force 
creates 1 A of current through 1 О of 
resistance. 


Current 


Current moves through a circuit when a 
source of power is connected to a com- 
ponent that uses electricity. Current (I) is 
the flow of electrons through an electrical 
circuit. Current is measured in amperes. An 
ampere (A)is a unit of measure related to the 
number of electrons passing a given point 
in one second. The more power a load re- 
quires, the larger the amount of current flow. 
For example, a 10 horsepower (HP) motor 
draws approximately 28 A when wired for 
230 V. A 20 HP motor draws approximately 
54 A when wired for 230 V. 

Current is direct current or alternating 
current. Direct current (DC) is current in 
which electrons flow in only one direction. 
Direct current flows in any circuit connected 
to a power source producing a DC voltage. 
Alternating current (AC) is current in which 
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electrons reverse their direction of flow at 
regular intervals. Alternating current occurs 
in any circuit connected to a power source 
producing an AC voltage. 


Voltage 


Electrical circuits must have a source of 
power to produce work. The source of 
power used depends on the application and 
the amount of power required. All sources 
of power produce a set voltage level or 
voltage range. 

Voltage (V) is the amount of electrical 
pressure in a circuit. Voltage is measured in 
volts (V) and is also known as electromotive 
force (EMF) or potential difference. Voltage 
does not flow. The amount of voltage in an 
electrical circuit can be compared to the 
amount of pressure in a hydraulic system. 
Just as pressure cannot flow through a pipe, 
voltage cannot flow in a conductor. Fluid 
flows through a pipe, and electrons flow 
through a conductor. See Figure 1-23. 

Voltage is produced when electrons are 
freed from atoms. An atom is the smallest 
particle that an element can be reduced to 
that keeps the properties of that element. 
The three principal parts of an atom are the 
electron, neutron, and proton. An electron is 
a negatively charged particle that orbits the 
nucleus of an atom. A neutron is a particle 
contained in the nucleus of an atom that has 
no electrical charge. A proton is a particle 
contained in the nucleus of an atom that has 
a positive electrical charge. 

Electrons whirl around the nucleus, com- 
pleting billions of trips around the nucleus 
each millionth of a second. The speed of 
the electrons causes the atoms to behave as 
if they were solid. In some materials, such 
as electric insulators (glass, plastic, etc.), 
electrons are not easily freed. In other ma- 
terials, such as electric conductors (copper, 
aluminum, etc.), electrons are easily freed. 

Voltage can be produced when electrons 
are freed from atoms by electromagnetism 
(generator), heat (thermocouple), light 
(photocell), chemical reaction (battery), 
pressure (piezoelectricity in strain gauge), 
and friction (static electricity). 


Voltage is either direct (DC) or alter- 
nating (AC). DC voltage is voltage where 
electrons flow (current) in one direction 
only. AC voltage is voltage that reverses 
its direction of electron flow (current) at 
regular intervals. See Figure 1-24. DC 
voltage is used in most portable equipment 
(automobiles, golf carts, flashlights, camer- 
as, etc.). AC voltage is used in residential, 
commercial, and industrial lighting and 
power distribution systems. 


The best materials for conducting 
electricity are gold, followed by silver. 
Because of the high cost of these ma- 
terials however, copper, aluminum, 
and copper-clad aluminum are typ- 
ically used as conductors. 


DC Voltage. DC voltage sources have 
a positive and a negative terminal. The 
positive and negative terminals establish 
polarity in a circuit. Polarity is the positive 
(+) or negative (—) state of an object. АП 
points in a DC circuit have polarity. 

The most common power sources that 
directly produce DC voltage are batteries and 
photocells. In addition to obtaining DC volt- 
age directly from batteries and photocells, 
DC voltage is also obtained from a rectified 
AC voltage source. DC voltage is obtained 
any time an AC voltage is passed through a 
rectifier. A rectifier is a device that converts 
AC voltage to DC voltage by allowing the 
voltage and current to flow in only one di- 
rection. Common DC voltage levels include 
LS VY, 3 V, 5 V,6V, ОЮУ ШОК АКУ BOV 
125 V, 250 V, 600 V, 1200 V, 1500 V, and 
3000 V. 


AC Voltage. AC voltage is the most common 
voltage used to produce work. AC voltage 
is produced by generators, which create AC 
sine waves as they rotate. A sine wave is a 
periodic, symmetrical waveform that varies 
over time according to the trigonometric sine 
function. The sine wave completes one full 
cycle in 360 electrical degrees. 
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A cycle is one complete positive and 
negative alternation of a sine wave. An al- 
ternation is half of a cycle. AC sine waves 
cross the 0 A baseline level when there is a 
reversal of current flow. See Figure 1-25. 

AC voltages of 6 V to 24 V are used, 
for example, for doorbells and security 
systems. AC voltages of 110 V to 120 V 
are used in residential applications, such 
as lighting, heating, cooling, cooking, and 
running motors. AC voltages of 208 V to 
480 V are used in commercial and indus- 
trial applications for production operations, 
lighting, heating, and cooling. 

The definitions of low, medium, and 
high voltage may depend on context. For 
example, in commercial and industrial 
facilities, the low voltage classification is 
generally considered to be less than 1000 V, 
medium voltage is 1000 V to 15,000 V, and 
high voltage is above 15,000 V. 
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Figure 1-24. DC voltage is voltage where electrons flow in one direction 
only and AC voltage is voltage that reverses its direction of electron 
flow at regular intervals. 
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Figure 1-25. AC sine bX х 
waves cross the О A base- .. AC Sine Waves 
line level when there is a 
reversal of current flow. 


POSITIVE 


bane" 


+ 


CURRENT 
o 


— 


ALTERNATION 


Resistance 


Resistance (R) is the opposition to the flow 
of electrons. Resistance is measured in ohms 
(О). High resistance measurements are ex- 
pressed using prefixes, such as kilohms (КО) 
and megohms (MQ). Resistance limits the 
flow of electrons (current) in an electrical 
circuit. The higher the resistance, the lower 
the current. The lower the resistance, the 
higher the current. Materials designed to in- 
sulate, such as ceramic or plastic, have high 
resistance. Materials used to conduct, such 
as copper or aluminum, have low resistance. 
The resistance of insulators decreases when 
they are damaged by moisture and/or over- 
heating. Conductors damaged by burning or 
corrosion have increased resistance. Factors 
that affect the resistance of conductors are 
the cross-section of wire, length of the wire, 
conductor material, and temperature. 

A conductor with a large cross-sectional 
area (diameter) has less resistance than a 
conductor with a small cross-sectional area. 
Therefore, a large-diameter conductor can 
carry more current. A conductor with a short 
length has less resistance than the same 
diameter conductor with a longer length. 
Short conductors have less resistance than 
long conductors of the same diameter. See 
Figure 1-26. Most conductors are copper 
or copper-clad aluminum. Copper (Cu) is a 
better conductor (less resistance) than cop- 
per-clad aluminum (AI), and can carry more 
current for a given diameter. Temperature of 
conductors also affects resistance. The higher 
the temperature, the greater the resistance. 


Resistance and Heat Relationships. 
When current (electrons) flows through a 
resistance, heat is produced. Current flow 
through resistance accounts for the heat 
felt near electrical wires, components, 
devices, and equipment as they operate. 
The production of such heat is taken into 
account during the design of properly in- 
stalled electrical equipment. Overheating 
of equipment and conductors can result if 
improper electrical installation techniques 
are used. The basic formula for calculating 
heat based on resistance and current is used 
to determine the effects of increasing cir- 
cuit resistance on heat production. A small 
increase in circuit resistance results in a 
large increase in heat. Excessive heat can 
shorten the life span of electrical equipment 
by damaging insulation, causing excessive 
mechanical stresses, or causing а fire. 

A resistive circuit 15 a circuit that con- 
tains only resistance. Examples of resistive 
circuits include heating elements and incan- 
descent lamps. When installing wiring, it 
is important to be alert for any conditions 
that result in undesired high-resistance 
points in the circuit such as damaged or 
deteriorated insulation, additional loads, 
loads that produce high inrush currents, 
and environmental changes. Environmen- 
tal changes include increased temperature 
levels, dirt, dust, corrosive materials, and 
poor housekeeping. 


Lamps are an example of a resistive 
circuit. 
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Conductor Resistance 
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Inductance of an inductance to alternating current. Ап 
Inductance (L) is the property of a circuit inductor is an electrical device that stores 
that causes it to oppose a change in current electrical energy by means of a magnetic 
due to energy stored in a magnetic field. field. Inductive reactance is expressed in 
Inductive reactance (X,) is the opposition ohms (О). 


Figure 1-26. Resistance 
in а conductor is af- 
fected by parameters 
such as fhe conductor's 
cross-sectional area and 
length. 
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Any time current moves through a 
conductor, a magnetic field is produced 
around the conductor. A conductor formed 
into a coil produces a strong magnetic field 
when current moves through the conductor. 
Alternating current produces an alternat- 
ing magnetic field around the coil. Direct 
current produces a constant magnetic field 
around the coil. See Figure 1-27. 
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In an AC circuit, the magnetic field is 
continuously building and collapsing until 
the circuit is opened. The magnetic field 
also changes direction with each change 
in sine wave alternation. In a DC circuit, 
a magnetic field is created and remains at 
maximum potential until the circuit (switch) 
is opened. Once the circuit is opened, the 
magnetic field collapses. 


SWITCH OPEN 


NO MAGNETIC 
FIELD 


SWITCH CLOSED 


MAGNETIC FIELD 
CONSTANT 


SWITCH 
OPENED 


MAGNETIC FIELD 
DISAPPEARS 


DC CIRCUIT 


Figure 1-27. A conductor formed into a coil produces a strong magnetic field when current flows through the coil. 


An inductive circuit is a circuit in which 
current lags voltage (voltage leads current). 
See Figure 1-28. Coils commonly used 
in motor windings, transformers, and so- 
lenoids create inductance in an electrical 
circuit. A phase shift occurs between alter- 
nating voltage and current in an inductive 
circuit. The greater the inductance in a 
circuit, the greater the phase shift. 


oS. Induetive-Circuit - 
*/*. Sine Wave 


CURRENT 
LAGS VOLTAGE 
С 


TIME 


Figure 1-28. An inductive circuit is a circuit 
in which current lags voltage (voltage 
leads current). 


Capacitance 

Capacitance ( C) is the ability of a component 
or circuit to store energy in the form of an 
electrical charge. Capacitive reactance (X ) 
is the opposition to current flow by a capac- 
itance. Capacitive reactance is expressed in 
ohms (О). A capacitor is an electrical device 
that stores electrical energy by means of an 
electrostatic field. A capacitor consists of two 
conductors (plates) separated by an insulator 
(dielectric), which allows the development 
of an electrostatic charge. The electrostatic 
charge becomes a source of stored energy. 
The strength of the charge depends on the 
applied voltage, size of the conductors, and 
quality of the insulation. Dielectric can be 
air, paper, oil, ceramic, mica, or any other 
nonconductive material. 
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Capacitors create capacitance in an 
electrical circuit. A phase shift occurs be- 
tween voltage and current in a capacitive 
circuit. А capacitive circuit is a circuit in 
which current leads voltage (voltage lags 
current). See Figure 1-29. The greater the 
capacitance in a circuit, the greater the 
phase shift. Capacitors have many appli- 
cations and are used in industrial wiring 
circuits and systems from switchgear to 
single-phase motors. Factors that affect 
capacitive reactance in a circuit are the fre- 
quency at which the AC changes direction, 
and the ability of the material to store and 
discharge electrical energy. Frequency of 
AC cannot be changed by commercial and 
industrial wiring installation. The material 
that stores and discharges the energy in a 
wiring distribution system is the conductor 
insulation. Conductor insulation cannot 
be altered during the installation process. 
However, the overall effect of capacitive 
reactance does affect total opposition to 
current flow in the AC circuit. 
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Figure 1-29. A capacitive circuit is a circuit 
in which current leads voltage (voltage 
lags current). 


Impedance 

Impedance (Z) is the total opposition of any 
combination of resistance, inductive reac- 
tance, and capacitive reactance offered to 
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the flow of alternating current. Impedance is 
the total resistance of the conductor material 
used, plus the X, and X_ of the circuit. While 
impedance is not commonly calculated 
or used in the field, electrical installation 
requires a working knowledge of the prin- 
ciples of impedance. A low-impedance fault 
path is one that allows minimum opposition 
to current flow as fault current attempts to 
return to its source. The NEC® stresses the 
importance of low-impedance fault paths. 
For example, transformers have impedance 
ratings on their nameplates, and overcurrent 
protection devices consider impedance 
values in the electrical system where they 
are installed. Installation practices such as 
not coiling large amounts of conductors in 
a control panel or not coiling equipment 
grounding conductors around flexible con- 
duit are practices that apply to impedance 
and the specific installation methods used. 


Power 
Power is the rate of doing work or using en- 
ergy. A watt (W) is a unit of measure equal to 
the power produced by a current of 1 A across 
a potential difference of 1 V. A watt is the unit 
of electrical power. Power is dependent upon 
the amount of voltage and current in a circuit. 
The power formula is the relationship 
between power (P), voltage (V), and current 
(1) in an electrical circuit. Any value in this 
relationship can be calculated using the 
power formula when the other two values 
are known. The relationship between power, 
voltage, and current can be visualized by 
presenting the power formula in pie chart 
form. See Figure 1-30. 

True power (Р) is the actual power 
used in an electrical circuit. True power is 
expressed in watts and is a measure of the 
amount of power that is converted to work. 
True power is calculated by applying the 
following formula: 

P,-VxI 

where 

Р. = power (in W) 

V = source voltage (in V) 
1 = current (in A) 


Power Formula 
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V= VOLTAGE (IN V) 
l= CURRENT (IN A) 
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Figure 1-30. The power formula is the rela- 
tionship between power (P), voltage (V), 
and current (1) in a circuit. 


Example: What is the true power in a 
125 VDC circuit with current of 10 A? 


P,-VXI 
Р. = 125 x 10 
Р„= 1250 W 


A DC circuit efficiently sources and 
delivers true power. Similarly, an AC cir- 
cuit with only resistive loads sources and 
delivers true power. However, inductive 
and/or capacitive loads in an AC circuit 
cause à phase shift between the voltage and 
current. This affects the amount of power 
that is actually delivered to the loads. In 
order to deliver a certain amount of power 
to the loads, the AC power source and the 
circuit equipment must be able to handle a 
greater amount of power (apparent power) 
in order to compensate for the power lost 
due to the phase shift. 


Apparent power (P,) is the product of 
the voltage and current in a circuit calcu- 
lated without considering any phase shift 
between the voltage and the current. Ap- 
parent power is expressed in volt-amperes 
(VA). Because apparent power considers 
circuit current regardless of how it is used, 
apparent power is a measure of component 
or system capacity. Many types of equip- 
ment have a VA rating, which is typically 
included on the nameplates and in electrical 
drawings. Apparent power is calculated by 
applying the following formula: 

P,=Vx il 
where 
P, = apparent power (in VA) 
V = measured voltage (in V) 
I = current (in A) 
Example: What is the apparent power in an 


AC circuit with measured voltage of 12 V 
and current of 10 A? 


P,-VxI 
P, = 12x10 
P, = 120 VA 


Because most AC circuits contain in- 
ductive and capacitive reactance, the ap- 
parent power (and therefore, the required 
VA rating) is greater than true power. See 
Figure 1-31. For example, a power source 
rated at 600 VA cannot deliver 600 W, 
unless the equipment has no inductive or 
capacitive reactance. The efficiency of 
a circuit due to inductive reactance and 
capacitive reactance is represented by the 
power factor. 
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Power factor (PF) is the ratio of true 
power used in an AC circuit to apparent 
power delivered to the circuit. Power 
factor is expressed as a decimal or a per- 
centage. Typical power factors in distri- 
bution systems range from 0.8 (80%) to 
0.95 (95%). That is, about 80% to 95% 
of the source power in most distribution 
systems can be used to operate loads. 
Power factor is calculated by applying 
the following formula: 


Р. 
PF =—- 

E 
where 


PF = power factor (in 96) 
Р „= true power (in W) 
P, = apparent power (in VA) 


A power quality meter measures true 
power, apparent power, and reactive 
power and is helpful when trouble- 
shooting, designing, or changing a 
system. 


` «- Power Expression Methods 
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Figure 1-31. True power is the actual power used in an electrical circuit. 

Fluke Corporation — Apparent power is the product of the voltage and current in a circuit 
Power quality meters are capable of calculated without considering the phase shift that may be present 
measuring power factor. between the voltage and current. 
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Example: What is the power factor of a 
circuit that has true power of 1250 W and 
apparent power of 1310 VA? 


Р 
РЕ = 


А 
_ 1250 
~ 1310 
PF =0.95 (95%) 


A power factor meter is a meter used to 
indicate the power factor in the distribution 
system. Power factor values are located on 
some equipment nameplates and power 
factor meters are used on some switchgear 
service and feeder equipment. Power factor 
must be taken into account when calculating 
AC power in a circuit. For example, in a 
1250 W DC circuit, a PF of 95% results in 
system wattage of 1187.5 W. 

The most common units for VA are 
the kilovolt-ampere (КУА) and megavolt- 
ampere (MVA). A transformer is an elec- 
tric device that uses electromagnetism to 
change voltage from one level to another 
or to isolate one voltage from another. 
Transformers are the most common types 
of electrical equipment that use the VA 
rating. Transformers are typically rated in 
kVA or MVA. 


SUMMARY 


Electrical safety is required when per- 
forming commercial and industrial wiring 
installations. Various documents and reg- 
ulatory agencies are involved in ensuring 
that installation work can be accomplished 


Access Code: 249878 
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in a safe and effective manner. The National 
Electrical Code® protects people and prop- 
erty from hazards that arise from the use 
of electricity by ensuring safe installations. 
NFPA 70E, Standard for Electrical Safety 
in the Workplace, protects workers as they 
install electrical wiring. The Mine Safety 
Health Administration (MSHA) enforces 
compliance with mandatory safety and 
health standards in the mining industry. 
The Occupational Safety and Health Ad- 
ministration (OSHA) requires employers 
to provide a safe work environment and 
requires workers to follow various safe 
work practices. Various state governments 
provide their own safety and health regula- 
tory programs. Safe work guidelines must 
always be followed when performing com- 
mercial and industrial wiring installations. 

Understanding how electricity works be- 
gins with Ohm’s law, which states that cur- 
rent in a circuit is proportional to the voltage 
and inversely proportional to the resistance. 
The voltage is the amount of electrical pres- 
sure in a Circuit and is measured in volts (V). 
Current is the number of electrons flowing 
in a circuit and is measured in amperes (A). 
Resistance is the opposition to electrons 
flowing in a circuit and is measured in 
ohms (Q). Voltage and current can be either 
alternating (AC) or direct (DC). The effects 
of inductance, capacitance, and resistance 
combine to equal impedance. Impedance is 
the total opposition to current flow in an AC 
circuit. Power is the rate of doing work in 
an electrical circuit. Units of measurement 
for power include watts (W) and volt- 
amperes (VA). 


Electrical Safety and Principles 


Review Questions 


Name Date 


Multiple Choice 


1. The MSHA is an abbreviation for the  . 
A. Material Safety and Health Administration 
B. Mine Safety and Health Administration 
C. Mine Safety and Health Association 
D. Mine Specifications and Health Administration 


2. The purpose ofthe ^ is to protect people and property from hazards that arise from 
the use of electricity. 
A. MSHA 
В. NEC? 
C. SDS 
D. OSHA 


3. A(n) _ is printed material used to relay chemical hazard information from the 
manufacturer, importer, or distributor to the technician. 
A. ANSI report 
B. hazard communication 
С. SDS 
D. OSHA report 


4. Electrical safety guidelines are used to create a safe work environment and prevent — 
and are based on requirements of the NFPA, NEC®, MSHA, апа OSHA. 
A. cluttered work areas 
B. electromagnetic interference 
C. electrical shock 
D. poor hygiene 


5. Electrical shock effects vary from a mild sensation to and possibly death. 
A. blurred vision 
B. moderate pain 
C. nausea 
D. paralysis 
6. A(n) personis trained and has special knowledge of the construction and operation 
of electrical equipment or a specific task, and is trained to recognize and avoid electrical 
hazards that might be present with respect to the equipment or specific task. 
A. authorized 
B. dedicated 
C. qualified 
D. specialized 
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7. _ clothing is required when working with live circuits. 
A. Synthetic fiber 
B. Arc-rated 
C. Reflective 
D. Heat-resistant 


8. ___ ladders are the most common type of ladders used by technicians. 
A. Fiberglass 
B. Metal 
C. Metal/wood combination 
D. Wood 


9, The five fire extinguisher classifications are Class A, Class B, Class C, Class D, and 
(ess _. 
A.E 
B.K 
C.X 
DIZ 


10. ___ is the flow of electrons through an electrical circuit. 
A. Ohm 
B. Current 
C. Resistance 
D. Voltage 


11. ___ limits the flow of electrons in an electrical circuit. 
A. Current 
B. Voltage 
C. Power 


D. Resistance 


12. Materials used to have low resistance. 
A. insulate 
B. conduct 
C. induct 
D. react 


13. A(n) ___ is an electrical device that stores electrical energy by means of a magnetic 
field. 
A. capacitor 
B. conductor 
C. inductor 
D. resistor 


14. A circuit supplying an incandescent lamp is an example of a(n) circuit. 
A. capacitive 


B. conductive 
C. inductive 
D. resistive 


Completion 


15. 


16. 


17. 


18. 


19. 


20. 
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Power is dependent upon the amount of voltage and in a circuit. 
A. capacitance 


B. current 
C. wattage 
D. resistance 


It is the responsibility ofthe — to obtain any missing SDS files if they are not provided 
for a hazardous chemical. 

A. manufacturer 

B. distributor 

C. employer 

D. technician 


Flame-resistant (FR) clothing may or may not have a(n) ___. 
A. arc rating 


B. insulation rating 
C. burn rating 
D. combustible layer 


. injuries are one of the most common injuries resulting in lost time in the workplace. 
A. Head 
B. Back 
C. Knee 
D. Foot 


An increase in the oxygen level above the normal range, or ___%, further increases the 
explosive potential of combustible gases. 

А.б 

B712 

(31 

D. 25 


Any time current moves through a conductor, ___ is produced around the conductor. 
A. electricity 
B. a positive charge 
C. voltage 
D. a magnetic field 


. The is a national organization that provides guidance in assessing the hazards of 


the products of combustion. 


A(n)___ is used to hold a technician in place while keeping their hands free to perform work. 


. Class fires include burning electrical components such as motors. 


. Chemicals listed on an SDS can be identified by name or by a number assigned by the ___. 
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21. 


22. 
23. 


24. 


25. 


. Confined spaces include open-top spaces more than 


. Class protective helmets protect against low-voltage shock and burns and impact 


hazards, and are commonly used in construction and manufacturing facilities. 


' in depth. 


are an eye protection device with a flexible frame that is secured on the face with 
an elastic headband. 


. A(n) is a rope used for hoisting or lowering objects. 


. With few exceptions, OSHA uses the NEC? and guidelines to ensure a safe electrical 


environment. 


Electrical insulating gloves are classified for working voltages of 500 V to. V. 


. A(n) is a unit of measure used to express the relative intensity of sound. 


is a floor covering that provides technicians protection from electrical shock when 
working on live electrical circuits. 


. Ear protection devices are assigned a(n) number based on the level of noise reduction. 


. Electrical insulating gloves marked with a yellow label have a maximum use voltage 


levelof — V. 


Electrical insulating gloves marked with a white label have a maximum use voltage 
levelof — V. 


. Blectrical insulating gloves marked with a beige label have a maximum use voltage 


levelof .— V. 
Burning cardboard and paper is an example of a Class fire. 


A fire that starts in a circuit breaker panel due to an arc flash is an example of a Class 
— fire. 


. A burning gasoline storage can is an example of a Class fire. 


Burning copper paste in a paint manufacturing facility requires the use of a Class — — 
fire extinguisher to properly extinguish the fire. 


It is common for state and local plans to be restrictive and specific in certain areas 
than OSHA requirements. 


The section is the lower section of an extension ladder. 


Tagout does not prevent the of equipment, but serves as a warning to operating and 
service personnel. 


A(n). establishes procedures that must be followed when a fire occurs. 


— is the relationship between current (I), voltage (V), and resistance (R) in a circuit. 


True-False 
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A wet floor has less resistance than a dry floor. 


Foot protection is worn to prevent foot injuries that are typically caused by objects 
falling from higher than 6’. 


. Per NFPA 70E, “Only qualified persons shall perform testing work on or near energized 


parts operating at 500 V or more.” 


. Air-fuel concentrations above the UEL are too rich to burn. 


. A body harness is a fall protection device that is worn around the waist that also aids 


in securing technicians in awkward positions. 


. Distribution systems are rated by type of current flow, voltage level, maximum current 


value, number of phases, and by the energy it can deliver under certain conditions. 


. The NEC? is updated every five years. 


. A certificate of training for personnel entering confined spaces is for training record 


purposes only and does not have to made available to authorized officials such as OSHA 
inspectors. 


. Chemical manufacturers, distributors, and importers must develop an SDS for each 


hazardous chemical. 


. More than twenty-five states have OSHA-approved state plans. 


. A stepladder is an adjustable-height ladder with a fixed bed section, and sliding, lockable 


fly section(s). 


. Standby personnel who remain just outside a confined space while workers are inside 


are commonly referred to as “entry guards.” 


Wood ladders must never be painted because paint covers any visible defects. 


. Electrical insulating gloves must be inspected for damage every 60 days. 
. Voltage does not flow. 


. Oxygen deficiency can be caused by the displacement of oxygen by leaking gases or 


vapors. 


. Alternating current produces a constant magnetic field around the coil. 


In a capacitive circuit, current lags voltage (voltage leads current). 


Workers who have not received lockout/tagout training are not authorized to perform 
lockout/tagout procedures. 


Overhead power line conductors 600 V or higher can have no insulation. 
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Extension Ladders 
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Fire Classifications 


. Bed section 
. Butt end 
. Center swivel pulley 


. End spacing 


Flange 


. Fly section 

. Foot assembly 

. Halyard 

. Pawl lock 

. Plastic rail enclosures 
. Siderail 

. Rungs 

. Tp 

. Web 


List the type of fire classification for each material. 


1, 


2 
3. 
4 
5 


Aluminum paste 


. Circuit breaker panel 


Deep-fat fryer 


. Solvent tank 


. Wooden pallets 


List and describe common types 
of hand tools used when installing 
commercial and industrial wiring. 


5 purpose of insulated 


identify guidelines Gnd considerations 
for hand tool safety when installing 


Commercio ence industrial wirir j 


List and describe common types 
of power tools used when installing 
commercial and industrial wiring. 


Identify guidelines and considerations 
for power tool safety when installing 
commercial and industrial wiring. 


List and describe common types of 
electrical test instruments used when 
stalling commercicl and industria 
wiring. 

Jescribe and compare the Two melt 
ods of making current measurements. 
-отрае The advantages and dis 
advantages of thermal imagers and 
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Various hand and power tools are used 
by electricians for the maintenance, trou- 
bleshooting, and installation of electrical 
equipment. Different tools are designed 
for the completion of a specific job. Proper 
use of tools is required for safe and efficient 
electrical work. 

A technician must have knowledge 
of the proper use of electrical tools as 
well as an understanding of maintenance 
and safety. While wiring installation is 
performed only on de-energized circuits, 
electrical work is often performed around 
or near energized parts and conductors. 
Also, technicians are routinely required to 
run temporary electrical power to different 
locations. To avoid injury to personnel or 
damage to equipment, safety precautions 
must be taken when working with hand 
tools and power tools. 
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While most tools used by Technicians performing commercial 
and industrial wiring: are common to all trades, certain ty 

of hand tools, power tools; and ET test equipment ore 
used that are unique to the electrical trade: Understanding 
how tools and electrical test Кекше work is necessary 
when installing commercial and industrial wiring. Tools and 
electrical test instruments must be in proper working condi- 
tion, organized, and ready for use. Proper personal protective 
equipment must be wom and:the operator's: manual should 
be consulted for correct operation before using any new tool 


or electrical test instrument 


Technicians use hand tools for twisting, 
turning, bending, cutting, stripping, at- 
taching, pulling, and securing operations. 
Noncutting operations involve tools such 
as cable tie guns, conduit benders, fish 
tapes, fuse pullers, hammers, vises, pliers, 
screwdrivers, and wrenches. Cutting opera- 
tions involve tools such as pipe cutters, wire 
strippers, hacksaws, and knives. 


Cable Tie Guns. А cable tie gun is a 
handheld device that is used to tighten 
plastic or steel cable ties around a bundle 
of wires or small-diameter cables. See 
Figure 2-1. Wire and cable can be quickly 
bound together in multiple locations by 
squeezing the trigger handle of the cable 
tie gun around the wires. Bundles of wires 
can be up to 2" in diameter. Cable tie guns 
are designed to reduce fatigue and increase 
the productivity of the technician. 
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Figure 2-1. A coble tie 
gun is a handheld de- 
vice that is used to tight- 
en plastic or steel cable 
ties around a bundle of 
wires or small-diameter 
cables. 


Figure 2-2. A hand con- 
duit bender is a device 
used to bend electrical 
metallic tubing in sizes 
ranging from 12” to 2" 
diameter. 
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Conduit Benders. A conduit bender is 
a device used to bend certain types of 
conduit in order to follow walls or clear 
obstructions. See Figure 2-2. Conduit 
can be bent using a hand conduit bender, 
a mechanical conduit bender, or an elec- 
tric conduit bender. All conduit benders 
have bending shoes with high supporting 
sidewalls to prevent flattening or kinking 
the conduit and are designed for quick, 
efficient bending. 


Hand Conduit Benders 


N 


Technicians that occasionally have 
to bend small diameter conduit ranging 
from 1⁄2” to 2" use a hand conduit bend- 
er. Hand conduit benders are normally 
made from heat-treated aluminum or iron. 
Some hand conduit benders are available 


with a flared handle that can be used as a 
conduit-straightening tool. 

A mechanical conduit bender uses 
a ratchet device to bend conduit. Some 
mechanical conduit benders are only 
used on certain types of conduit, while 
others have changeable bending shoes that 
allow one bender to be used on multiple 
sizes and types of conduit. A mechanical 
conduit bender is mounted on a frame and 
may have wheels so that it can be moved 
easily. As the ratchet is pulled, a series of 
teeth rotate the bending shoe, bending the 
conduit. Contractors or maintenance per- 
sonnel who are required to bend conduit 
frequently, but in small volumes, generally 
use mechanical conduit benders. 

An electric conduit bender uses an elec- 
tric motor that powers a chain-and-sprocket 
drive. High-volume conduit installers 
generally use electric conduit benders to 
bend large-diameter conduit ranging from 
2” to 6”. Electric conduit benders have 
interchangeable bending shoes that allow 
the bender to be used on multiple types of 
conduit. 


Fish Tapes. A fish tape is a retractable tape 
used to pull conductors through conduit and 
other inaccessible spaces. Flexible wires are 
attached to the trailing end of the fish tape 
and pulled through the conduit. See Figure 
2-3. Fish tapes are constructed of nylon, 
tempered steel, stainless steel, fiberglass, 
or multistrand steel, and range in length 
from 25’ to 200’. Steel fish tapes are coated 
with nylon to prevent corrosion and reduce 
friction and jamming. Nylon-coated and 
fiberglass fish tapes are recommended for 
applications where the fish tape could come 
into contact with energized electrical wires 
or components. However, running any fish 
tape into an energized panel must always 
be avoided. 


While electric conduit benders are 
useful for large jobs, they are typically 
very heavy and require two or more 
people to safely move them. 
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Figure 2-3. A fish tape is a retractable tape 
used to pull conductors through conduit 
and other inaccessible spaces. 


Fuse Pullers. A fuse puller is a nonme- 
tallic device that is used to safely remove 
fuses from disconnects and cabinets. See 
Figure 2-4. A fuse puller can be used to 
remove either operational or nonoperational 
(blown) fuses, preventing the installer from 
coming into contact with a nearby energized 
circuit. The fuse's circuit must always be 
de-energized before the fuse is installed or 
removed. Fuse pullers have solid-grip jaws 
and are constructed of nonmetallic materi- 
al such as nylon or laminated fiber. They 
can be used on a variety of different-size 
cartridge-type fuses. 
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Figure 2-4. A fuse puller is a device that 
is used for the safe removal of fuses from 
disconnect boxes and cabinets. 
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Hammers. A hammer is a striking or 
splitting tool with a hardened head fastened 
perpendicular to a handle. Common ham- 
mers include electrician’s hammers, ball 
peen hammers, and sledgehammers. See 
Figure 2-5. 
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An electrician's hammer is used to 
mount electrical boxes and drive nails. An 
electrician's hammer can also be used to 
determine the height of receptacle boxes be- 
cause most electrician's hammers are 12" in 
length from head to end of handle. Ball peen 
hammers are designed for striking chisels 
and punches. Ball peen hammers can also be 
used for riveting, shaping, and straightening 
unhardened metal. Medium-size sledge- 
hammers (5 Ib to 8 Ib) are used for driving 
stakes and for other heavy-duty pounding. 


Electrician's hammers are straight-claw 
hammers designed with an extra-long 
head for performing striking operations 
inside junction boxes. 


Figure 2-5. Common 
hammers used by tech- 
nicians include electri- 
cian’s hammers, ball 
peen hammers, and 
sledgehamrmers. 
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Figure 2-6. Pipe vises 
commonly used on in- 
stallation projects in- 
clude yoke vises and 
chain vises. 


Pipe Vises. A vise is a portable or stationary 
clamping device used to hold work firmly 
in place. A pipe vise has a hinge at one end 
and a hook at the opposite end and is used 
to secure pipes in order to perform work on 
them. This type of design allows the vise to 
be opened so that the pipe does not have to be 
threaded through the vise jaws. Pipe vises in- 
clude yoke and chain vises. See Figure 2-6. 
A yoke pipe vise is bolted to a workbench. 
A chain vise is a vise that contains a clamp 
for mounting. Chain vises can be temporarily 
mounted for light-duty work without drilling 
holes. Yoke pipe vises and chain vises are 
available in portable workbench models. 
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Pliers. Pliers are a hand tool with opposing 
jaws for gripping and/or cutting. Installers 
use pliers for various gripping, turning, cut- 
ting, positioning, and bending operations. 
Common pliers include tongue-and-groove, 
slip-joint, long-nose, diagonal-cutting, 
side-cutting, end-cutting, and locking pli- 
ers. See Figure 2-7. 

Tongue-and-groove pliers are used for a 
wide range of applications involving grip- 
ping, turning, and bending. The adjustable 
jaws of tongue-and-groove pliers enable 
them to be used with a wide range of nut 
sizes. Slip-joint pliers are used to tighten 
box connectors, locknuts, and small-size 
conduit couplings. Long-nose pliers are 
used for bending and cutting conductors 
and positioning small components. Di- 
agonal-cutting pliers are used for cutting 
cables and wires that are difficult to cut with 
side-cutting pliers. 

Side-cutting pliers (sometimes called 
linesman's pliers) are used for cutting cable, 
removing knockouts, and twisting wire. 
End-cutting pliers are used for cutting wire, 
nails, and rivets close to the workpiece. 
Locking pliers (such as Vise-Grip? pliers) 
are used to lock on to the workpiece. Lock- 
ing pliers can be adjusted to lock at any size 
with any desired amount of pressure. 


PVC Pipe Cutters. A PVC pipe cutter 
is a handheld tool designed to cut up to 
2" diameter plastic pipe (PVC or PE) and 
rigid rubber hose quickly and accurately 
without the use of a vise. See Figure 2-8. 
The pipe is held in place by a hooked jaw. 
Alloy steel blades are ratcheted through the 
pipe being cut. Alloy steel is used to retain 
the sharpness of the blades and increase the 
time between blade replacements. 


їп addition to specialized tools 
such as PVC pipe cutters, PVC pipe 
can be cut with several other tools 
including reciprocating saws, hack- 
saws, band saws, and laser cufters. 
Cutting services are available for 
large-volume jobs. 


TONGUE-AND-GROOVE 
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Figure 2-7. Technicians use pliers for various gripping, turning, cutting, positioning, and bending operations. 


- * PVC Pipe Cutters 


Figure 2-8. A PVC pipe cutter is a handheld 
tool designed to cut up to 2" diameter rigid 
plastic pipe and rubber hose quickly and 
accurately without the use of a vise. 


Screwdrivers. A screwdriver is a hand 
tool with a tip designed to fit into a screw 
head for fastening operations. Installers 
use screwdrivers in many installation and 
maintenance activities to secure or remove 
various threaded fasteners. The two main 
types of screwdrivers are the flathead and 
Phillips. Flathead and Phillips screwdrivers 
are available in many different designs 
including standard, offset, torque, screw- 
starting, and conduit. See Figure 2-9. 
Standard screwdrivers are used for the in- 
stallation and removal of threaded fasteners. 
Standard screwdrivers are available with 
square shanks to which a wrench can be 
applied for the removal of stubborn screws, 
such as a screw that is rusted in place. 
Screwdrivers can also have a thin shank 
for reaching into deep, counterbored holes. 
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Figure 2-9. Screwdrivers 
are available in many 
different designs includ- 
ing standard, offset, 
torque, screw-starting, 
and conduit. 
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Offset screwdrivers are designed to 
reach screws located in areas that cannot 
be reached with a standard screwdriver. 
Torque screwdrivers are used to tighten 
screws to a specified torque value. An 
internal mechanism in the screwdriver 
automatically releases pressure when the 
specified torque value has been reached. A 
screw-starting screwdriver is used to hold 
screws in place when working in tight spots. 
Once started, the screw is tightened with a 
standard screwdriver. Conduit screwdrivers 
have a hooded blade to keep the tip of the 
screwdriver from slipping when tightening 
overhead conduit fittings. 

When using a screwdriver, the tip should 
fit into the slot of the screw snugly and 
should not project beyond the screw head. 
A screwdriver must never be used as a cold 
chisel or punch. A screwdriver must not be 
used near energized electrical wires and 
must never be exposed to excessive heat. 
A screwdriver that has a worn tip must be 
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CONDUIT 


redressed with a file to regain a good, straight 
edge, or it must be discarded. A screwdriver 
that has a worn or broken handle or tip must 
be discarded. 


Wire Strippers. A wire stripper is a 
device used to remove insulation from 
small-diameter wire. Most types of wire 
strippers strip stranded wire from 22 AWG 
(American Wire Gauge) to 10 AWG and 
solid conductors from 18 AWG to 8 AWG. 
A wire stripper/crimper/cutter is a hand 
tool used to strip conductor insulation, 
crimp conductor terminals, and cut con- 
ductors (sizes 22 AWG to 10 AWG). See 
Figure 2-10. 

Some models are designed with a wire 
cutter in the nose and a small-diameter 
bolt cutter near the handle. Most stripper/ 
crimper/cutters can be used to shear bolts 
in sizes ranging from 4-40 to 10-32. A 
wire stripper without the crimper and bolt- 
cutting functions is smaller and easier to 
handle than a stripper/crimper/cutter. 


Wire Stripper 
Crimper/Cutter Tools 


Figure 2-10. A wire stripper/crimper/cutter 
is a hand tool used to strip insulation, crimp 
terminals, and cut wires. 


Wrenches. A wrench is a hand tool with 
jaws at one or both ends that is designed 
to turn bolts, nuts, or pipes. Common 
wrenches used by installers include socket, 
adjustable, hex key, combination, and pipe. 
See Figure 2-11. 
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Combination wrenches have an open- 
end wrench on one end and a box-end 
wrench on the opposite end. 
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When using a wrench, a handle ex- 
tension (such as a pipe) must never 
be used fo increase the leverage of 
Ihe wrench. 


Socket wrenches are used to tighten a va- 
riety of items, such as hex head lag screws, 
bolts, and various electrical connectors. Ad- 
justable wrenches are used to tighten items 
such as hex-head lag screws, bolts, and large 
conduit couplings. Hex key wrenches are 
used for tightening hex-head bolts. A com- 
bination wrench has an open-end wrench on 
one end and a closed-end box wrench on the 
other. Pipe wrenches can be straight, offset, 
strap, or chain. Pipe wrenches are used to 
tighten and loosen pipes and larger conduit. 

The opening of a wrench should corre- 
spond to the size of the nut to be turned. Too 
large an opening can spread the jaws of an 
open-end wrench and can batter the points 
of a box or socket wrench. Care must be tak- 
en to select inch wrenches for inch fasteners 
and metric wrenches for metric fasteners. 
If possible, a wrench handle should always 
be pulled, not pushed. The safest type of 
wrench is a box wrench or socket wrench 
because this type of wrench cannot slip 
and injure the technician. A straight handle 
should be used rather than an offset handle 
if conditions permit. 


Insulated Hand Tools. Insulated hand tools 
are rated for a maximum use of 1000 V 
and are designed to meet National Fire Pro- 
tection Association (NFPA) 70E and Occu- 
pational Safety and Health Administration 
(OSHA) requirements for persons working 
with electrical hazards. Insulated tools are 
covered with a double-bonded, flame- and 
impact-resistant insulation material that 
reduces the chance of an arc flash or an 
electric shock to a technician working on 
or near energized electrical equipment and 
circuits. Certain tools, such as pliers, also 
have finger guards to prevent accidental 
metal contact. Wrenches, hex keys, nut driv- 
ers, screwdrivers, pliers, wire strippers, and 
socket wrenches are available as insulated 
safety tools. See Figure 2-12. 
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Figure 2-11. Common wrenches include socket, adjustable, hex key, combination, and pipe. 
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Figure 2-12. Insulated electrical hand tools are covered with in- 
sulating material to reduce the chance of arc flash and electric 


shock when working on or near energized electrical equipment 
and circuits. 


Knockout Punches. A knockout punch is 
a punch assembly that is sized to cut clean 
and accurately sized holes in electrical 
boxes. See Figure 2-13. These holes are 
used for the insertion of conduit connec- 
tors or other fittings. A pilot hole is first 
drilled at the location of the desired hole. 
A drawbolt is then passed through the hole 
with the die on one side of the box wall 
and the punch threaded onto the opposite 
end of the drawbolt. The drawbolt is then 
turned by wrench to pull the punch through 
the box wall, producing a clean and prop- 
erly sized hole. Hydraulically operated 
knockouts are also available. Most knock- 
out punches are part of a set that contains 
various sizes of dies. 


Miscellaneous Hand Tools. Additional 
miscellaneous hand tools that are used by 
installers include electrician’s knives, hand 
reamers, pipe threaders, cable strippers, 
lineman's knives, nut drivers, and hack- 
saws. See Figure 2-14. 


An electrician's knife is a knife that is 
similar in design to a pocketknife and is 
used for cutting and scraping insulation 
from conductors. A hand reamer is a tool 
used to finish or size an existing hole. A 
hand pipe threader is a tool that is used to 
cut screw threads into pipes and conduit. A 
cable stripper is a tool used to strip insu- 
lation from cables with outside diameters 
from 1⁄4” to 112”. 
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Figure 2-13. A knockout punch is used to 
punch clean and accurately sized holes 
in boxes for the insertion of conduit con- 
nectors or other fittings as needed. 


A lineman’s knife is a knife that is used 
for skinning and scraping insulation off 
conductors and cables. A lineman’s knife 
is similar in design as an electrician’s 
knife but is used to perform work on large 
size cables and conductors. A nut driver 
is a screwdriver-shaped hand tool with a 
hexagonal tip that fits onto a nut to tighten 
or loosen it. A hacksaw is a metal-cutting 
handsaw with a steel frame that adjusts to 
hold various types and lengths of blades. 
Blades are inserted with the teeth pointing 
away from the handle. Installers use hack- 
saws for cutting items such as conduit and 
plastic pipe. 
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Figure 2-14. Miscellaneous hand tools that are used by technicians 
include electrician's knives, hand reamers, pipe threaders, cable 


strippers, lineman's knives, nut drivers, and hacksaws. 


Hand Tool Safety 


Hand tools are designed for specific pur- 
poses. Attempting to use a hand tool for a 
purpose other than what it is designed for or 
using it improperly can result in problems, 
such as incomplete projects, damaged or 
destroyed tools, damaged components, or 
injuries to workers. Guidelines for using 
hand tools for commercial and industrial 
wiring installations include the following: 


Klein Tools, Inc. 
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subject to breakage 


Appropriate handles used on files and similar tools 
Employees aware of the hazards caused by faulty or improperly used hand tools 


* Have the proper tools available for the 
project. 

* Use tools specific to each individual job. 

* Use proper PPE. 

* Perform regular tool maintenance. 

* Replace damaged or worn tools as 
required. 

* Useasafety checklist for hand tools and 

equipment. See Figure 2-15. 

The most common reasons that tech- 
nicians use the wrong tool or use a tool 
improperly are inexperience and not follow- 
ing proper procedures (taking shortcuts). 
Inexperience and not following proper pro- 
cedures are often the result of not enough 
training or not enough time on the job. 

Inexperience can lead to problems when 
installing equipment such as panelboards 
and switchgear. Most manufacturers of 
panelboards and switchgear require that ter- 
minal screws and connections have a specific 
torque value. It is common for installers to 
overlook this requirement and install screws 
and bolts with standard screwdrivers and 
wrenches. However, terminal screws must be 
tightened to a specified torque value because 
heating and cooling of the terminal connec- 
tions as current passes through them results 
in expansion and contraction of the different 
metals. It is a violation of the NEC? not to 
apply the proper torque to terminal connec- 
tions per the manufacturer's specifications. 


CHECKLIST FOR HAND TOOLS AND RELATED EQUIPMENT 


Tools and equipment (both company and employee owned) used by employees at their workplace are in good condition 


RIDGID* 
Both hand tools and power tools are 
available for cutting threads into conduit. 


Power Tools 


While much of the work performed by a 
technician can be accomplished with hand 
tools, many tasks require the use of power 
tools. These tasks include pulling, cutting, 
drilling, sawing, and grinding. Power tools 
can also reduce technician stress and fatigue 
when performing these tasks. Common 
power tools used by technicians include 
battery-powered cable cutters, hammer 
drills, laser distance meters, power cable 
pullers, and reciprocating saws. 


Hand tools such as chisels and punches, which develop mushroomed heads during use, reconditioned or replaced as necessary 
Broken or fractured handles on hammers, axes, and similar equipment replaced promptly 


Worn or bent wrenches discarded 


Appropriate PPE (safety glasses, face shields, etc.) 


used while using hand tools or equipment that might produce flyíng materials or is 


Jacks checked periodically to ensure they are in good operating condition 


Tool handles wedged tightly in the head of all tools 


RNR ы IST EST IT 


Eye and face protection used when driving hardened or tempered studs or nails 


Tool cutting edges kept sharp so the tool will move smoothly without binding or skipping 


Tools stored in dry, secure locations where they won't be tampered with 


Figure 2-15. A safety checklist can be used for proper care and use of hand tools and related equipment. 


Battery-Powered Cable Cutters. A 
battery-powered cable cutter is a tool de- 
signed to cut various diameters of electrical 
cables. It is similar to a ratcheting PVC pipe 
cutter, but rather than using a ratcheting 
action, the battery-powered cable cutter 
receives power from a rechargeable battery 
pack. Battery-powered cable cutters are 
ideal for large projects that require numer- 
ous cuts. They allow an installer to reduce 
fatigue on nerves, muscles, and tendons 
and to increase productivity. See Figure 
2-16. Battery-powered cable cutters can 
cut aluminum and soft copper cables up to 
2" in diameter and hard copper cables up 
to about 11⁄4” in diameter. 
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Figure 2-16. A battery-powered cable cut- 
ter receives power from a rechargeable 
battery pack and can cut aluminum and 
soft copper cables up to 2” in diameter. 


Hammer Drills. A hammer drill is a drill 
that rotates and drives simultaneously. 
Hammer drills are used to perform drilling 
operations in masonry, concrete, metal, and 
wood. Hammer drills can drill at speeds up 
to 3000 rpm and simultaneously hammer 
into the material at up to 50,000 blows per 
minute. Hammer drills are used by installers 
to drill holes in concrete walls, floors, and 
ceilings for the attachment of conduit and 
electrical boxes. See Figure 2-17. 
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Figure 2-17. Hammer drills are used by 
technicians to drill holes in concrete walls, 
floors, and ceilings for the attachment of 
conduit and electrical boxes. 


Laser Distance Meters. A laser distance 
meter is a device that uses a visible red 
laser and an ultrasonic emitter/sensor to 
take measurements. Laser distance me- 
ters measure distance by sending out an 
ultrasonic pulse, which bounces off solid 
objects and returns to the receiver. The 
time taken for the pulse to travel is used 
to calculate the distance. 

Laser distance meters are typically 
99.5% accurate. Some laser distance meters 
also calculate and display area and volume 
based on multiple recorded distance mea- 
surements. Laser distance meters are ideal 
for pinpointing conduit, pipe, and ductwork 
locations and distances. The laser is used 
for aiming purposes only. The ultrasonic 
circuit performs the measurement. See 
Figure 2-18. 


Power Cable Pullers. A power cable puller 
is a device used to pull large cables and 
conductors into place. Power cable pullers 
are similar to fish tapes but use a gas- or 
electric-powered motor to pull wire. Using 
an outside power source reduces the strain 
and fatigue of the operator while increasing 
productivity. Power cable pullers can pull 
cables up to distances of 200’ and use up to 
2000 Ib of force. See Figure 2-19. 
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Figure 2-18. A laser distance meter is a device that uses a visible red 
laser, rather than a tape, to take measurements. 


Power cable pullers should never be 
used to pull items other than cables or 
used fo pull cables where fhe weight 
exceeds the specified maximum 
capacity of the cable puller. 


Power Coble Pullers 
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Figure 2-19. A power cable puller is a de- 
vice used to pull cables up to distances of 
200’ and use up to 2000 Ib of force. 


Reciprocating Saws. A reciprocating saw 
is a multipurpose cutting tool in which the 
blade reciprocates (moves back and forth) 
to create the cutting action. Reciprocating 
saw blades are plunged directly into walls, 
floors, ceilings, and other resilient material. 
Reciprocating saws operate at 1700 strokes 
per minute and are used by installers to 
cut holes in drywall, plywood, and hard- 
surface flooring in order to install electrical 
boxes and conduit. Reciprocating saws are 
typically used after framing is completed 
and additional cuts need to be made. See 
Figure 2-20. 


Power Tool Safety 


Power tools use power from electric, pneu- 
matic (air), and hydraulic (fluid) power 
sources. The advantage of using power 
tools is that specific tasks are quicker and 
easier to perform than by manual methods. 
The disadvantages of using power tools are 
that, because they can deliver a great deal 
of energy in a short period, they can more 
easily cause errors in workmanship or in- 
juries when used incorrectly. 
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Figure 2-20. Reciprocating saws are used 
by installers to cut holes in drywall, plywood, 
and hard-surface flooring in order to install 
electrical boxes and conduit. 


The basic safety guidelines that apply to 
hand tools also apply to power tools. The 
difference is that with power tools, errors 
and injuries can occur more quickly and be 
more severe if safety guidelines are not fol- 
lowed. Also, power tools must be inspected 
and serviced by a qualified service techni- 
cian at regular intervals as specified by the 
tool manufacturer or by OSHA. Guidelines 
for using power tools for commercial and 
industrial wiring include the following: 

* Read the owner's manual before using 
any power tool. 

e Have the proper tools available for the 
project. 
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Use the proper PPE and do not wear 
loose clothing. 

Ensure that all safety guards are in place, 
are in working order, and that the tool 
switch is in the OFF position before 
connecting the tool to the power source. 
Keep the work area clear of personnel, 
debris, tools, and other items that can 
present a hazard. 

Ensure that the outer protective jackets 
of the power cords are free of nicks or 
damage and that plugs are mechanically 
sound and free of damage. 

Ensure that flexible power cords are se- 
curely fastened to the tool and the plug. 
Properly position the tool before apply- 
ing power. 

Investigate any changes in the sound of 
the tool during operation. 

Take extra precautions when working on 
damp or wet surfaces; use additional insu- 
lation to prevent any body part from coming 
into contact with a wet or damp surface. 
Shut off power when work is completed. 
Wait until all movement of the tool stops 
before leaving a stationary tool or laying 
down a portable tool. 

Clean and lubricate all tools after use. 
Replace damaged or worn tools as required. 
Always work with another technician 
in hazardous or dangerous locations. 
Use a checklist for care and use of 
power tools and related equipment. See 
Figure 2-21. 


CHECKLIST FOR POWER TOOLS AND RELATED EQUIPMENT 


[V] Grinders, saws and similar equipment provided with appropriate safety guards 
[V] Power tools used with the correct shield, guard, or attachment, as recommended by the manufacturer 


М Portable circular saws equipped with guards above and below the base shoe 
[V] Circular saw guards checked to ensure they are not wedged up, thus leaving the lower portion of the blade unguarded 


М Rotating ог moving parts of equipment guarded to prevent physical contact 


мМ All cord-connected, electrically operated tools and equipment are effectively grounded or of the approved double-insulated type 


vi Protective guards in place over belts, pulleys, chains, sprockets, and on equipment such as concrete mixers and air compressors 


[v] Portable fans provided with full guards or screens having openings 72 inch or less 
М Hoisting equipment available and used for lifting heavy objects, with hoist ratings and characteristics appropriate for the task 


[VÍ Ground-fautt circuit interrupters provided on all temporary electrical 15 A and 20 A circuits, used during periods of construction 


М Pneumatic and hydraulic hoses оп power tools checked regularly for deterioration or damage 


Figure 2-21. A safety checklist can be used to ensure proper care and use of power tools and related equipment. 
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While voltage detectors are useful 
devices for testing for the presence 
and type of voltage, it is considered 
safer to use a multimeter to verify 
that a circuit is de-energized prior to 
contacting the circuit. 


ELECTRICAL TEST INSTRUMENTS 


Different types of electrical test instruments 
are used to test electrical properties when 
performing commercial and industrial wir- 
ing. The test instruments that are commonly 
used include voltage indicators, voltage 
testers, digital multimeters, ammeters, and 
megohmmeters. See Figure 2-22. The most 
common electrical properties measured with 
these test instruments are voltage, current, 
and resistance. Test instruments are used 
when installing or troubleshooting a circuit 
or component. Thermal imagers are also of- 
ten used to troubleshoot electrical systems. 


Electrical Test Instruments 
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Figure 2-22. Several types of electrical test instruments are commonl 
wiring systems. 


CAT Ratings 

Electrical testing situations are classified 
into measurement categories according to 
their ability to withstand transient voltages 
(temporary energy spikes). These CAT 
ratings are used to identify an instrument's 
range of appropriate applications. See 
Figure 2-23. 

Location is a primary factor in CAT 
ratings. As a person gets closer to a power 
source, the potential for transient voltages 
increases, necessitating a stricter CAT rating. 
Voltage is specified along with a CAT rating. 
A higher voltage also indicates an ability to 
withstand higher transient voltages. 

Electrical test instruments are marked 
with the applicable CAT and voltage rating. 
See Figure 2-24. Electrical test instruments 
must be carefully chosen in order to be 
within, or rated higher than, the measure- 
ment category for which they will be used. 
For example, a CAT III multimeter may be 
used for CAT II and CAT III testing situa- 
tions, but not for CAT IV testing situations. 
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Figure 2-23. Test instruments are categori 
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36 at utility 
connection, any 
outdoor 
conductors 


> = CAT Rating Markings 


Figure 2-24. A test instrument should be 
clearly marked with its CAT rating. 


IEC 61010, Safety Requirements for 
Electrical Equipment for Measurement, 
Control, and Laboratory Use, defines the 
measurement categories. The CAT I cat- 
egory is primarily limited to low-voltage 
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Test Instrument Category Ratings 


Reserved for electronics 


Appliances, portable tools, and other household and similar loads 
Outlets and long branch circuits 

Outlets at more than 30’ (10 m) from CAT Ili source 

Outlets at more than 60' (20 m) from CAT IV source 


Equipment in fixed installations, such as Switchgear and polyphase motors 
Bus and feeder in industrial plants 

Feeders and short branch circuits and distribution panel devices 

Lighting systems in larger buildings 

Appliance outlets with short connections to service entrance . 


Refers to the origin of installation, where low-voltage connection is made to 
utility power 

Electric meters; primary overcurrent protection equipment 

Outside and service entrance; service drop from pole to building; run between 
meter and panel 

Overhead line to detached building 


zed by their ability to withstand high-energy transient voltages from an 


electronics. The CAT II, III, and IV catego- 
ries are defined primarily based on location 
within the electrical distribution system. 


Voltage Indicators 


A voltage indicator is an electrical test 
instrument that indicates the presence of 
voltage when the test tip touches, or is near, 
an energized conductor or energized metal 
part. The indicator displays a glowing tip, 
makes a buzzing sound, and/or vibrates in 
the presence of voltage. See Figure 2-25. 
Voltage indicators may be used to test re- 
ceptacles, fuses/circuit breakers, breaks in 
cables, and certain other circuits. However, 
OSHA and NFPA 70E regulations may limit 
the permissible applications for these instru- 
ments. A voltage indicator does not indicate 
the level or type of voltage, but models are 
available for various voltage ranges and 
different voltage types (AC, DC, AC/DC). 
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.- Voltage Indicators 


Figure 2-25. A voltage indicator signals the 
presence of voltage, but not the level or 
type of voltage. 


Voltage Testers 

А voltage tester is an electrical test instru- 
ment that indicates the approximate voltage 
amount and the voltage type (AC or DC) 
at its test leads. Voltage testers have been 
through many different designs over the 
years, such as solenoid-based models that 
vibrated and indicated voltage with a plung- 
er needle alongside a nominal voltage scale. 
These types of instruments may no longer 
be considered allowable per NFPA 70E. 


A power-fool safety checklist is pro- 
vided by OSHA as a guideline and 
can be located at OSHA's website: 
hftp://www.osha.gov 


However, some modern voltage testers 
do comply with regulations and are safer 
to use. See Figure 2-26. These compliant 
voltage testers are all-electronic and indi- 
cate approximate voltage with lights. Some 
voltage testers also include a continuity- 
indicating feature. 


. * Voltage Testers 


Figure 2-26. A voltage tester indicates the 
approximate level and type of voltage in 
a circuit. 


Digital Multimeters (DMMs) 


A digital multimeter (DMM) is an electrical 
test instrument that can measure more than 
one electrical property. See Figure 2-27. 
Basic DMMs measure voltage, current, 
and resistance. Advanced DMMs include 
additional measurement capabilities, such 
as Capacitance, continuity, and temperature. 
They may also include special functions, 
such as recording, logging, and comparing 
stored measurements. 

A DMM is used on new construction 
wiring installations, temporary wiring in- 
stallations, maintenance tasks, and retrofit 
work with previously energized conductors 
and equipment. Guidelines for DMM usage 
and safety include the following: 

* Verify that the DMM ratings exceed the 
system ratings. 

* Verify the CAT rating of the DMM for 
the system to be measured. 

* Inspect the DMM for physical damage, 
such as a cracked case or faulty switches 
or jacks. 

* Neveruse a damaged DMM or test leads. 

* Inspectthe test leads for damage. Frayed 
test leads, damaged insulation, burnt 


tips, and damaged input plugs can all 
cause meter failure. Discard and replace 
any damaged leads. 

* Do not allow fingers to protrude below 
the finger shrouds when taking a reading. 
The finger shroud is the raised portion 
of a test lead. 

* Donotusea DMM (or any electrical test 
instrument) in an environment where 
hazardous vapors or dust particles are 
present. Small electrical arcs can be cre- 
ated when taking voltage measurements, 
which may be an explosion hazard. 

* If unsure of the voltage level to be mea- 
sured, begin on the highest scale possible 
and work down until the appropriate 
reading is obtained. (Many DMMs have 
only one setting for AC and one setting 
for DC and automatically adjust to the 
proper voltage level range as required.) 

* Always wear PPE when measuring an 
energized circuit. Typically, with any 
circuit operating at 50 V or more, rubber 
insulating gloves and eye protection 
must be worn at a minimum. 


Voltage Measurements. Circuit voltages, 
energized status, or electrical test instru- 
ment accuracy must never be assumed. 
Best practices for measuring circuit volt- 
ages involve verifying electrical test in- 
strument operation and voltage accuracy 
by first testing a known voltage source. 
See Figure 2-28. To verify that а DMM 
is in proper working condition and that a 
circuit is de-energized, apply the following 
procedure: 

1. Connect the DMM to a known voltage 
source of the same voltage level as the 
circuit to be measured. 

2. Verify that the DMM reads the appro- 
priate value. 

3. Connect the DMM to the circuit to be 
tested and note the measurement. 

4. Verify that the DMM reads a measure- 
ment of 0 V. 

5. Reconnect the DMM to the known 
voltage source. 

6. Verify that the DMM reads the appro- 
priate voltage level and is in proper 
working condition. 
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. *- Digital Multimeters (DMMs) 


ACCESS YELLOW 
FUNCTIONS 


MEASURE 
RESISTANCE 


MEASURE 


FUNCTION SWITCH 


Figure 2-27. A DMM can measure two or more electrical properties, 
showing the measurements on a digital display. 


Current Measurements. Current measure- 
ments are used to determine the amount of 
circuit loading or the condition of an elec- 
trical load. Every time a load is switched on 
or a new load is added to a circuit, the power 
source must provide more current through 
the circuit for the new loads. Large amounts 
of current are measured in amperes (A). 
Small amounts of current are measured in 
milliamperes (mA) or microamperes (pA). 
In-line current measurements are made 
by opening the circuit and connecting the 
DMM’s test leads so that the circuit is 
closed. See Figure 2-29. Current flows 
through the meter as it becomes part of 
the circuit. This method of current mea- 
surement is very accurate. However, this 
method must be limited to circuits that can 
be easily opened and are known to have 
currents less than 10 А, which greatly limits 
its applicability in industrial settings. In-line 
current measurements also present greater 
opportunity for electrical shock. 


DIGITAL DISPLAY 


MEASURE 
CAPACITANCE 


MEASURE 
TEMPERATURE 


ACCESS BLUE 
FUNCTIONS 


MEASURE 
AC CURRENT 


MEASURE 
DC CURRENT 
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DMM Operation Verification 


VERIFY 
120 VAC —. VOLTAGE READING 


RECEPTACLE 


| | —-(1)coNNEcT DMM 
| TO ENERGIZED CIRCUIT 


WITH KNOWN VOLTAGE VALUE 


RECEPTACLE 
BOX 


VERIFY 0 V READING 
ON DMM 


ШИЕ 


(S)CONNECT DMM TO 
CIRCUIT TO BE VERIFIED 
AS DE-ENERGIZED 


—(6)МЕНЕҮ 


| 
VOLTAGE READING 
120 VAC 


RECEPTACLE Г TE р = 
oq — ша үүт 


(5) RECONNECT DMM TO 
ENERGIZED VOLTAGE SOURCE 


RECEPTACLE ecyo WITH KNOWN VOLTAGE 
BOX : 


Figure 2-28. When voltage is measured in a circuit, a DMM's operation is first verified by 
a known voltage source, then the DMM is used to measure the test circuit, and finally 
the DMM's operation is verified once more by the known voltage source. 


х Current Measurements 
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О 


DMM BECOMES PART 
OF THE CIRCUIT PATH 


Figure 2-29. For in-line current measurements, a DMM becomes part of the circuit and 
all current flows through the meter. The current measured must not exceed the rating 


of the DMM. 


Resistance Measurements. Resistance 
measurements may indicate the condition 
of a circuit or component. See Figure 2-30. 
Components designed to conduct elec- 
tricity, such as conductors or component 
contacts, have very low resistance values. 
When conductors are damaged by burns 
or corrosion, resistance increases. Other 
components such as heating elements and 
resistors have a fixed resistance value. Any 
significant change in the fixed resistance 
value typically indicates a problem. 

To measure resistance, a DMM uses an 
internal battery to supply voltage to the test 
leads. The battery sends a small amount of 
current into the circuit to be tested. The level 
of current indicates the circuit resistance. 

Resistance measurements must be taken 
with the circuit de-energized. If the resis- 
tance of a particular component must be 
known, the component is removed from the 
circuit. When a circuit includes a capacitor, 
the capacitor must be discharged before 
taking any resistance readings of the circuit. 

Measuring resistance is also a way to 
test continuity. Continuity is the presence 


of a complete path for current flow. Testing 
the presence of circuit continuity is often 
required for performing wiring installation 
to correctly identify and label all conduc- 
tors prior to termination. A DMM emits 
an audible beep for little or no resistance, 
which indicates continuity. For example, 
a short length of copper wire should read 
about 1 О or less, and the meter should 
indicate continuity by beeping. А copper 
wire reading infinite resistance or overload 
(OL) indicates an open in the wire, which 
means there is too much resistance for the 
meter to measure. 

Warning: Never exceed the current and 
voltage ratings of a DMM. Never connect a 
DMM set to measure resistance on an en- 
ergized circuit. Always consult the DMM's 
user manual before operating the equipment. 


Ammeters 

An ammeter is an electrical test instrument 
that measures the amount of current in an 
electrical circuit. Ammeters are actually 
multimeters that specialize in clamp-on 
current measurements. They can also take 
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voltage and resistance measurements (and 
sometimes additional types of measure- 
ments) with included test leads, but the 
meter is designed primarily around the 
clamp-on current sensor. 

A clamp-on ammeter is a test instrument 
that measures current in a circuit by mea- 
suring the strength of the magnetic field 
around a single conductor. See Figure 
2-31. Current measurements can be taken 
without opening the circuit. Instead, the 
jaws of a clamp-on ammeter are placed 
around the conductor. Clamp-on ammeters 
are available for measuring AC only or for 
measuring both AC and DC. Clamp-on 


.r Resistance Measurements 


Ul, 
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ammeters are commonly used to measure 
currents from 1 A to 3000 A. 

A clamp-on current probe accessory 
can be used with a DMM to produce the 
same kind of measurements as a clamp-on 
ammeter. The accessory outputs a very 
small current or voltage that is measured 
at the DMM jacks and interpreted as the 
current reading. 

Using a clamp-on ammeter or a current 
probe accessory is slightly less accurate than 
in-line current measurements, but it is far saf- 
er. Typically, a clamp-on ammeter ora DMM 
with a clamp-on current probe accessory is the 
first choice for measuring current in a circuit. 


A WARNING 


Remove all power 
before taking resistance 
measurements 


MEASURE 
RESISTANCE 


3s LEAD CONTACTING 


Figure 2-30. Resistance measurements can be used to verify the condition of some circuits or components. 


Current Measurements 
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DMM WITH CLAMP-ON 


POWER 
SOURCE 
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n AC OR DC CURRENT PROBE ACCESSORY 


Figure 2-31. Clamp-on ammeters or DMMs with clamp-on current probe accessories 
can be used to measure current safely and without opening a circuit. 


Tech Tip 


In-line current measurements are the 
most dangerous measurements to 
take of any electrical measurement. 
Any in-line current measurement 
requires that extreme caution be 
used. The in-line method of current 
measurement is typically only used for 
applications requiring very accurate 
measurements in circuits that have 
less than 1 A of current. 


Megohmmeters 


When insulators are damaged by mois- 
ture or overheating, resistance decreases. 
A megohmmeter is a type of ohmmeter 
that measures the very high resistances of 
insulating components. High resistance 
measurements are measured in kQ or MQ. 
A megohmmeter produces high voltages 
(from 500 V to 5000 V) and measures the 
resulting current, which indicates the circuit 
resistance. A megohmmeter detects insula- 
tion failure or potential failure of insulation 
caused by excessive moisture, dirt, heat, 
cold, corrosive substances, vibration, or 
aging. See Figure 2-32. 


Fluke Corporation 


Figure 2-32. A megohmrmeter is used to 
measure very high resistances. 


Some insulation, such as that used on 
conductors in branch circuits, is thick and 
difficult to damage or does not easily break 
down. Other insulation, such as the insula- 
tion used on motor windings, is very thin 
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(to save weight and space) and breaks down 
more easily. Megohmmeters are used to test 
for insulation breakdown in long conductor 
runs, motor windings, and transformers. See 
Figure 2-33. 


Fluke Corporation 
Megohmmeters may also have basic 
multimeter functions, such as measuring 
voltage. 


Thermal Imagers 


A thermal imager is a device that mea- 
sures infrared energy and displays a false- 
color image based on the temperature. See 
Figure 2-34. Hotter surfaces are depicted 
in a brighter or separate color than cooler 
surfaces. Some thermal imagers record both 
visible light and infrared images of the same 
field of view, which helps in identifying 
specific components later. Images can then 
be saved as digital files and transferred to a 
personal computer for storage, analysis, and 
inclusion in maintenance reports. The use of 
thermal imagers is known as thermography. 

Thermal imagers are used to trouble- 
shoot electrical equipment that is vulnerable 
to overheating. Thermal imagers are an ex- 
tremely effective tool for quickly inspecting 
a large area or many pieces of equipment 
and recording the results. Many problems, 
such as loose electrical connections, bad 
motor bearings, moisture penetration, insu- 
lation gaps, or leaky ductwork, are imme- 
diately apparent with a thermal imager. See 
Figure 2-35. The images are analyzed and 
further testing is conducted when excessive 
heat is detected. 


Insulation Breakdown Measurements 


RESISTANCE JACK ~ 
COMMON JACK - 


ШЫН 
s 


= 

S 

-S 
ў 
è 


Figure 2-33. Megohmmeters are commonly used to check the integrity of motor wind- 


ing insulation. 


Thermol imagers 


Fluke Corporation 


Figure 2-34. A thermal imager detects 
heat in the form of infrared energy and 
displays it as a false-color image. 


Infrared-based temperature-indicating 
devices, of any type, have some limitations. 
Temperature readings may be affected 
by the surface material and its condition, 
such as being dirty, painted, or insulated. 
Low-emissivity materials, such as polished 
metals, reflect their thermal surroundings, 
making readings confusing. The surround- 
ing environment, such as water vapor, 
dust, and gases in the air, may also affect 
temperature readings. 


Fluke Corporation 


Some thermal imagers can combine 
visible light and thermal images together 
in a picture-in-picture display. 


Chapter 2— Tools and Electrical Test Instruments 63 


Li Ne 


е Thermal Image Analysis 
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HOT SPOT INDICATORS 
INCREASED RESISTANCE 


Figure 2-35. The false-color images from 
thermal imagers can be used to detect 
areas of increased resistance. 


SUMMARY 


To meet the installer’s needs during the 
installation process, several types of hand 
and power tools are available. Basic types 
of hand tools used on the job include ham- 
mers, pliers, screwdrivers, and wrenches. 
Specialized tools have also been developed 
for installation work including conduit 
benders, pipe vises, PVC pipe cutters, 
fish tapes, wire strippers, and cable tie 
guns. For working on energized circuits, 
fuse pullers and insulated hand tools can 
be used. 

Power tools make installation processes 
easier to accomplish by reducing worker 
fatigue and installation time. Battery- 
powered cable cutters for cutting large- 
diameter cables and hammer drills for plac- 
ing anchors in concrete are commonly used. 
Power cable pullers are used for pulling 
large amounts of conductors or cables with 
a single pull. Laser distance meters are used 
for measuring distances for conduit runs. 
Reciprocating saws are used to cut holes 
in various surfaces. 

Electrical test instruments are used 
for different purposes when performing 
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installation projects. Voltage testers allow 
installers to detect the presence of voltage 
without having to take a reading. DMMs 
measure more than one electrical property. 
Clamp-on ammeters are used more than 
any other type of ammeter for installation 
projects and indicate the amount of current 
in a circuit. Ohmmeters are used to provide 
resistance readings. Megohmmeters are 
specialized ohmmeters used to measure the 
integrity of conductor insulation. 


Access Code: 249878 


ATPeResources.com/QuickLinks 


-— 


Insulation may exhibit lower than 
expected resistance for multiple 
reasons. Manufacturing defects affect 
the insulation material thickness and 
integrity. Installation errors can cause 
insulation damage. Over time, insula- 
tion can deferiorate due to thermal, 
electrical, ambient, and mechanical 
stresses. Thermal stress is the most 
common cause of deterioration. 


Name 


Multiple Choice 


A 


. A hand conduit bender is used to bend conduit in sizes ranging from 1⁄2” to 


Date 


. A(n) is a device used to remove insulation from small-diameter wire. 


A. electrician's knife 
B. hacksaw 

C. side-cutting pliers 
D. wire stripper 


— ratings are used to identify an instrument's range of appropriate applications. 
A. Digital 
B. Thermal 
C. CAT 
D. Power 


. A(n)  isanelectrical test instrument that measures the amount of current in an electrical 


circuit. 
A. ammeter 
B. megohmmeter 
C. power quality meter 
D. voltmeter 
A.:2 
B. 3 


C. 4 
D. 6 


. Side-cutting pliers are also known as. pliers. 


A. electrician's 
B. lineman's 

C. self-adjusting 
D. Vise-Grip? 


Basic digital multimeters (DMMs) measure voltage, current, and — . 
А. capacitance 
B. impedance 
C. resistance 
D. watts 
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7. 


10. 


11. 


12. 


iS: 


14. 


Insulated hand tools are rated for a maximum use of V. 
A. 500 
B. 1000 
C. 1500 
D. 1800 


. Withanycircuitoperatingat ___ V or more, rubber insulating gloves and eye protection 


must be worn as a minimum. 
A. 50 
В. 75 
СЭ 
”. 208 


. Battery-powered cable cutters can cut aluminum and soft —— cables up to 2” in diameter. 


A. reinforced 
B. conduit 
C. copper 
D. steel 


A X drill is a drill that rotates and drives simultaneously. 
A. hand 
B. hammer 
C cable 
D. reciprocating 


In-line current measurements must be limited to circuits known to have currents less 
than А. 


High | measurements are measured in КО or MQ. 
A. current 
B. resistance 
C. ampere 
D. wattage 


А is used to safely remove fuses from electrical boxes and cabinets. 
A. fuse puller 


B. pliers 
C. screwdriver 
D. wrench 


A laser distance meter uses a(n) emitter/sensor to take measurements. 
A. laser 


B. ultrasonic 
C. infrared 


D. resistance 


Completion 


15. 


16. 


17 


18. 


19. 


20. 
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А megohmmeter produces high ___ and measures the resulting current, which indicates 
the circuit resistance. 

A. wattage 

B. amperes 

C. voltages 

D. resistances 


____ Vises can be temporarily mounted for light-duty work without drilling holes. 
A. Bench 


B. Jaw 
C. Chain 
D. Yoke 


A(n) is used for cutting and scraping insulation from conductors. 
А. reamer 


B. electrician's knife 
C. punch 
D. hacksaw 


А ___ is a multipurpose cutting tool in which the blade moves back and forth to create 
the cutting action. 

A. pipe reamer 

B. hammer drill 

C. cable stripper 

D. reciprocating saw 


When insulators are damaged by moisture or overheating, — . 
A. resistance decreases 
B. resistance increases 
C. capacitance decreases 
D. capacitance increases 


. . readings may be affected by the surface material and its condition, such as being 
dirty, painted, or insulated. 

A. Voltage 

B. Temperature 

C. Capacitance 

D. Current 


A(n) drill rotates and drives into material simultaneously. 


A(n) is a test instrument that measures current in a circuit by measuring the strength 
of the magnetic field around a single conductor. 


A(n) ___ screwdriver is used to hold screws in place when working in tight spots. 


A(n) ___ is a type of ohmmeter that measures the very high resistances of insulating 
components. 
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True-False 


тэ] c9 ^ cj c oc cj 


УИА tag oy es 


5. A(n)  isascrewdriver-shaped hand tool with a hexagonal tip that fits onto a nut to 
tighten or loosen it. 
6. | measurements must be taken with the circuit de-energized. 
7. A(n) — tape is used to pull conductors through conduit and other inaccessible spaces. 
8. A(n)  isanelectrical test instrument that can measure more than one electrical property. 
9. A(n)  isahandheld tool designed to cut up to 2" diameter plastic pipe without the 
use of a vise. 
10. . isthe presence of a complete path for current to flow. 
11. A(n) __ punch is a punch assembly sized to cut clean and accurately sized holes in 
electrical boxes. 
12. ___ are used for driving stakes and other heavy-duty pounding. 
13. ___ screwdrivers are designed to reach screws located in areas that cannot be reached 
with standard screwdrivers. 
14. | measurements may indicate the condition of a circuit or component. 
15. A(n) is a portable or stationary clamping device used to hold work firmly in place. 
16. A(n) is a tool used to finish or size an existing hole. 
17. A(n) X wrench has an open-end wrench on one end and a closed-end box wrench on 
the other. 
18. A(n) is a handheld device that is used to tighten plastic or steel cable ties around 
a bundle of wires or small-diameter cables. 
19. The two main types of screwdrivers are flathead and. . 


. A(n). . hammer is designed for striking chisels and punches. 


. Damaged test leads on a DMM must be discarded because they can cause meter failure. 


A capacitor must be discharged before any resistance readings of a circuit are taken. 
Fuse pullers are constructed of nonmetallic material such as nylon or laminated fiber. 


A DMM emits an audible beep for high resistance, indicating continuity. 


. Insulation used on conductors in branch circuits is usually thin to save weight and space. 


Resistance measurements must be taken with the circuit de-energized. 


- Most stripper/crimper/cutter tools can be used to shear bolts in sizes ranging from 4-40 


to 10-32. 


19. 


20. 
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Electric conduit benders have interchangeable bending shoes that allow the bender to 
be used on multiple types of conduit. 


Terminal screws must be tightened to a specified torque value because heating and 
cooling of the terminal connections as current passes through them results in expansion 
and contraction of the different metals. 


. Circuits or components being tested for resistance must be energized. 
. Location is a primary factor in CAT ratings. 


. Long nose pliers are used to tighten box connectors, locknuts, and small-size conduit 


couplings. 


. Some types of conduit benders have wheels for ease of movement. 


. Insulation used on motor windings is thick, hard to damage, and not easily broken 


down. 


. А wrench handle should be pulled rather than pushed. 


Improper use of a hand tool can result in damage to the hand tool or workpiece, and 
injury to the user. 


All DMMs can be used in areas where hazardous vapors and dust particles are present. 


. Most DMMs have only one setting for AC and one setting for DC and automatically 


adjust to the proper voltage level range as required. 


A screwdriver that has a worn tip must be redressed with a file to regain a good, straight 
edge, or it must be discarded. 


Voltage indicators provide an exact voltage measurement. 
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Pliers 


Diagonal-cutting 


End-cutting 


Locking 
Long nose 
. Side-cutting 


Slip-joint 


1. 
2 
З: 
4. 
5 
6. 
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Tongue-and-groove 


Ж. — 
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The Stanley Works 
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The Stanley Works 


The Stanley Works © (B) The Stanley Works 


The Stanley Works 


(E) (F) The Stanley Works © 


The Stanley Works 
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Wrenches 


Adjustable 
Combination 
Hex key 

Pipe (chain) 

. Pipe (offset) 
. Pipe (straight) 


. Pipe (strap) 


. Socket | | | 
©) © 


Ridge Tool Company 


очта ют р ш юэ т 


The Stanley Works 


(9 


72 Commercial and Industrial Wiring 


Electrical Test Instruments 


Digital Multimeters 
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. Digital display 

. Function switch 

. Measure AC current 

- Measure AC voltage 
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. Measure temperature 
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Describe the roles of codes and stan- 
dards in.electrical'construction 


identify the primary. organizations 
involved in the development of elec- 
trical system standards. 

Compare the Two common bulding 
codes 


Desctibe the National Electrical 
Code" (NEC ) and how it is used. 


Define the most important terminol- 
ogy of the МЕС. 


Describe the most common general 
installation reauirements of the NEC 


CTARIPVLA DMC ANIA С^ ес 
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Documentation that is used to determine the 
proper method for electrical equipment instal- 
lation in the field is categorized as standards 
and codes. Knowledge and understanding of 
which standards and codes are applicable to 
commercial and industrial wiring installations 
is the first step to ensuring that electrical work 
meets the necessary requirements. Prior to 
performing any work, compliance with any 
building standards or codes requirements is 
necessary to obtain a building permit. See 
Figure 3-1. Work cannot be legally performed 
without a building permit. Building permits 
must be on file and displayed at the job site 
throughout the construction process. 


Cian АКА 


A standard is an accepted reference or 
practice. Standards are written documents 
that provide a set of generally acceptable 
criteria to which work can be performed. 
While compliance with an industry standard 


With the construction of any building or structure, the health 
safety, and welfare of building occupants is critical, Electrical 
standards and codes are used to determine the best method 
forhow commercial and industrial wiring is to be installed, Elec- 
tical standards and codes.are used to determine installation 
requirements of commercial and industrial wiring. Electrical 
standards and:code changes require that: technicians be 
knowledgable in ail facets of the installation process as these 
requirements are applied during installations. While some re- 
quirements are specified on electrical prints or in the written 
documentation for the project, installers must be aware of ol 
project requirements and changes to avoid rework, 


can be voluntary, it is good practice to com- 
ply with approved, recognized standards. 
Standards are created through input from 
various industry experts. Standards can be 
a valuable resource in providing specific, 
detailed information on various aspects of 
commercial and industrial wiring. 
Different standards apply to various as- 
pects of commercial and industrial wiring. 
Because most standards are not accessible 
on a job site, working knowledge of applica- 
ble standards is necessary when performing 
installations. Working knowledge includes 
knowledge of which standards are available, 
information they contain, and publisher infor- 
mation so that they can be obtained if neces- 
sary. Obtaining all of the applicable codes and 
standards that apply to a particular installation 
is not necessary. However, certain codes or 
standards must occasionally be obtained to 
provide supplemental information. The ap- 
propriate code or standard organization can 
be contacted for specific information about 
obtaining their documents. See Appendix. 
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National Fire Protection Association 
(NFPA). The National Fire Protection Asso- 
ciation (NFPA) produces over 300 standards. 
Most NFPA standards are used for proper 
installation of electrical equipment and sys- 
— cmm tems such as lightning protection, generators, 
IE and industrial machinery. NFPA codes and 
standards that apply to commercial and in- 
dustrial wiring installations include: 
• NFPA 70, National Electrical Code? 
NFPA 70B, Recommended Practice for 
Electrical Equipment Maintenance 
* NFPA 70E, Standard for Electrical 
Safety in the Workplace 
* NEPA 72, National Fire Alarm and Sig- 
naling Code 
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BUILDING CODE 


CITY OF BLOOMINGTON ¢ МЕРА 77, Recommended Practice on 
BUILDING PERMIT Static Electricity 
* NFPA 79, Electrical Standard for 
Address Industrial Machinery 


Lot # . 


NFPA 99, Health Care Facilities Code 
* NFPA 101, Life Safety Code? 

* NFPA 110, Srandard for Emergency and 
Standby Power Systems 


General Contractor 


INSPECTIONS 


Sanitary Lateral 


Foundafion 


American National Standards Institute 
(ANSI). The American National Standards 
Institute (ANSI) is a national organization 
that helps identify industrial and public stan- 
dards requirements. ANSI does not develop 
electrical standards but oversees the standard 
writing and approval process. When a stan- 
dard receives approval as an “ANSI Standard.” 
it indicates that the standard has undergone a 
rigorous and consensus-based developmental 
process. An ANSI-approved standard is de- 
veloped based on input from various experts 
from applicable industries. Additionally, end 
users of electrical systems and products can 
have input into a standard. Examples of ANSI- 
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Figure 3-1. Prior to any work being performed, compliance with any 
building codes or legislative requirements is necessary to obtain a 
building permit. 


Standards are periodically reviewed and 
revised (or reaffirmed, if no changes are 
made) by an organization’s committee of 
experts for a particular field. When repub- 
lished, the revision (or reaffirmation) year 
is added to the standard’s identification 
number. For example, NECA 1-2015 is the 
edition of NECA 1 that was revised and re- 
published in 2015. When requirements in a 
standard or code are referenced, the correct 
edition should be used and cited. 


approved standards that are commonly used 

in the electrical industry include: 

* ANSI/IEEE C2, National Electrical 
Safety Code 

e ANSIC84.1, Electric Power Systems and 
Equipment (60 Hz) 

e ANSI/NEMA Z535.4, Product Safety 
Signs and Labels 

e ANSY/IEEE 142, IEEE Recommended 
Practice for Grounding of Industrial and 
Commercial Power Systems 


e ANSI/UL 263, Standard for Fire Tests 
of Building Construction and Materials 


National Electrical Contractors Asso- 
ciation (NECA). The National Electrical 
Contractors Association (NECA) is a na- 
tional organization that provides support 
and standards for all areas of the electrical 
contracting industry. NECA provides 
information on the proper installation of 
all electrical systems including power, 
lighting, and communication systems. 
NECA serves the management interests 
of the technical contract industry, repre- 
senting electrical contractors in over 120 
local chapters. NECA helps advance the 
electrical contracting industry through 
research, education, and the development 
of standards for commercial and industrial 
wiring. 

The National Electrical Installation 
Standards (NEIS) are standards developed 
by NECA in partnership with other industry 
organizations. All NEIS are submitted for 
approval to ANSI. The NEIS are perfor- 
mance standards created specifically for 
electrical installations. For example, NEIS 
address specific installation procedures 
such as the threading of rigid conduit, 
switchgear installation, and maintenance 
procedures for panelboards. Examples of 
NEIS include: 

• NECA І, Standard for Good Workman- 
ship in Electrical Construction 

* NECA 100, Symbols for Electrical Con- 
struction Drawings 

• NECA 200, Standard for Installing and 

Maintaining Temporary Electric Power 

at Construction Sites 
* NECA 101, Standard for Installing Steel 

Conduit (Rigid, IMC, EMT) 

e NECA/AA 104, Standard for Installing 

Aluminum Building Wire and Cable 
• NECA 402, Standard for Installing and 

Maintaining Motor Control Centers 


Institute of Electrical and Electronic 
Engineers (IEEE). The Institute of Elec- 
trical and Electronics Engineers (IEEE) 
is a nonprofit professional association that 
provides guidance for the advancement 
of technology. The IEEE produces over 
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1100 standards. While most of these stan- 
dards are used for electrical engineering 
purposes, several IEEE standards contain 
information that can be used during elec- 
trical installations. Examples of IEEE 
standards that apply to electrical installa- 
tions include: 
* IEEE 142, IEEE Recommended Practice 
for Grounding of Industrial and Commer- 
cial Power Systems 
IEEE 450, IEEE Recommended Practice 
for Maintenance, Testing, and Replace- 
ment of Vented Lead-Acid Batteries for 
Stationary Applications 
* [EEE242, IEEE Recommended Practice 
for Protection and Coordination of In- 
dustrial and Commercial Power Systems 
e IEEE 602, Recommended Practice for 
Electric Systems in Health Care Facilities 


The IEEE issues standards based on the 
color of the text (book) cover for the 
standard. There are 13 IEEE standards 
with the colors red, green, gray, buff, 
brown, orange, gold, violet, white, 
bronze, yellow, blue, and emerald 
used to describe the standard. For ex- 
ample, IEEE standard 1100 is referred to 
as the "IEEE Emerald Book." 


Testing Agencies. There are several testing 
agencies that certify electrical equipment to 
various standards. Products are tested and 
evaluated by recognized testing agencies 
to determine their suitability to meet those 
standards. If determined to meet standard 
test specifications, then the product man- 
ufacturer is allowed to affix the label or 
identifying mark to the approved product. 
Underwriters Laboratories Inc. (UL) is an 
independent, not-for-profit product safety 
testing and certification organization. UL 
produces product safety standards and 
certifies that manufactured products meet 
these standards. The UL symbol is widely 
recognized and is often used as a valuable 
indication that a particular product has met 
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designated requirements and is suitable 
for a certain application. UL also produces 
marking guides that are used to standardize 
the markings on electrical equipment and 
wire. Usually, the UL Guide Information 
for Electrical Equipment (The White Book) 
can provide specific application and use 
information for most categories of electrical 
equipment. 

In addition to UL, other testing agencies 
include MET Laboratories, Inc., Intertek, 
Factory Mutual (FM Global), and Canadian 
Standards Association (CSA). These testing 
agencies also allow their labels to be applied 
to electrical equipment they have tested to 
meet certain recognized standards. 


The purpose of electrical codes and standards is to protect people 
and property from the hazards associated with the use of electricity. 


National Electrical Manufacturers Asso- 
ciation (NEMA). The National Electrical 
Manufacturers Association (NEMA) is 
a national organization that provides the 
standardization of electrical equipment. 
NEMA publishes over 500 standards for 
the electrical industry. For example, plugs 
and receptacles manufactured in the Unit- 
ed States must conform to certain NEMA 
standards based on the voltage and current 
ratings of the systems in which they are 
applied. A 120 V 3-wire plug designated by 


NEMA as “5-15P” can only fit into 120 V 
receptacles. A 5-15P plug cannot acciden- 
tally be inserted into a 250 V receptacle 
since the prongs on the plug do not match 
up with the slots on the receptacles. NEMA 
standards are also typically used in installa- 
tions for sizing motor starters. 

Motor starters are sized by the classi- 
fication “МЕМА Size Starter," which is 
based on horsepower, full-load current, 
frequency, number of phases, AC or DC, 
and full-load voltage. Such a classification 
system greatly simplifies the proper selec- 
tion of motor starters. Examples of NEMA 
standards and other documents that provide 
information for commercial and industrial 
wiring installations include: 

* NEMA MG 1, Motors and Generators 

* NEMA WD 1, General Color Require- 
ments for Wiring Devices 

e NEMA WD 6, Wiring Devices — Dimen- 
sional Requirements 


International Electrotechnical Com- 
mission (IEC). The International 
Electrotechnical Commission (IEC) is an 
international standards development or- 
ganization. Though most of its standards 
are applied to installations outside of the 
United States, some equipment is installed 
in the United States that is manufactured to 
conform to IEC standards. This can require 
referencing IEC standards or particular 
vendor information to ensure conformance 
with these requirements. 

For example, the IEC standard for 
category ratings of electrical test instru- 
ments has become standard for electrical 
equipment installers, IEC 61010— Safety 
Requirements for Electrical Equipment 
for Measurement, Control, and Laboratory 
Use, has become standard for electrical 
equipment installers. The IEC rating system 
is based on the ability of a test instrument 
to withstand voltage surges that can appear 
in the distribution system when taking 
handheld meter readings. It is important to 
always verify that a test instrument with the 
proper category rating is used, based on the 
location in the distribution system where the 
test measurements are taken. For example, 


measuring most voltages in commercial and 
industrial buildings requires the use of a 
Category III test instrument as a minimum. 
Test instruments used by installers, such as 
DMMs, must be clearly marked on both the 
meter and test leads as “САТ III." 


InterNational Electrical Testing Associa- 
tion (ЖЕТА). The /nterNational Electrical 
Testing Association (МЕТА) is an accredit- 
ed standards developer for ANSI. NETA 
defines the standards by which electrical 
equipment is deemed safe and reliable. 
NETA also provides training for and cer- 
tification of electrical testing technicians. 
ANSI/NETA MTS, Maintenance Testing 
Specifications is a set of written guidelines 
used to provide the maintenance testing 
frequencies, tasks, and acceptable criteria 
for maintenance activities on electrical 
distribution equipment. While NETA is 
well known for maintenance testing spec- 
ifications, ANSI/NETA ATS, Acceptance 
Testing Specifications are also used for elec- 
trical installations. The Acceptance Testing 
Specifications provide test criteria that can 
be applied to recently installed electrical 
equipment and systems to determine their 
suitability for acceptance by the project 
owner. Acceptance test data provides the 
baseline data for future maintenance testing. 
The NETA ECS, Standard for Electrical 
Commissioning Specifications for Electri- 
cal Power Equipment and Systems helps 
ensure installation work is done in confor- 
mance with design specifications. 
International Association of Electrical 
Inspectors (IAEI). The International As- 
sociation of Electrical Inspectors (IAEI) 
is a national organization that focuses on 
interpretation of the NEC® and teaches safe 
installation and use of electricity. The IAEI 
collects and distributes information given in 
electrical codes and the safe use of electricity 
and assists with creating cooperation be- 
tween electrical inspectors, electrical equip- 
ment manufacturers, electrical installers, 
and end users. IAEI membership consists of 
electrical inspectors, electricians, installers, 
testing agencies, and electrical equipment 
manufacturers throughout North America. 
The IAEI promotes uniform understanding 
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of the NEC? and other electrical codes and 
helps formulate the standards for safe instal- 
lation and operation of electrical materials, 
devices, and components. 


Commercial and industrial wiring 
installers are encouraged to join and 
participate in the IAEI. Information and 
education regarding commercial and 
industrial wiring can be obtained from 
IAEI publications, training events, and 
through participation in local chapters. 
Membership does not require inspec- 
tor status. 


Codes 


A code is a collection of regulations and 
requirements devised to maintain uniformity 
of work and proper standards of procedure. 
Codes are designed to protect the health 
and welfare of the public. Regulations and 
requirements of codes can include fire ratings 
on walls and doors, fire sprinkler system 
requirements, and specifics of the plumb- 
ing and ventilation systems. A code is not 
an enforceable law. In order to become an 
enforceable law, a code must be adopted by 
a jurisdiction such as a local (village, town, 
city, etc.), county or parish, or state authority. 

Building officials who issue permits for 
jobs and make periodic inspections of work 
in progress generally represent jurisdiction 
authorities. Additionally, these authorities 
certify that the completed building meets all 
applicable codes before occupancy occurs. 
In the United States, there are several differ- 
ent codes used, including general building 
codes, plumbing codes, and electrical codes. 

Codes are written in language that can be 
enforced. For example, terms such as “shall 
be” or “shall comply with” cover the intent 
of the code’s authors. The more knowledge 
a technician has of the electrical codes that 
apply to a particular installation, the more 
likely the job can be accomplished without 
rework. Electrical codes can be amended 
by a particular jurisdiction. A particular 
jurisdiction, such as a state or municipality, 
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Figure 3-2. The Interna- 
tional Building Code? 
(IBC) is a combination of 
regional codes of BOCA, 
ICBO, and SBCCI into 
one national code. 


Prior to the formation of the ICC, building safety codes were re- 
gional. The Building Officials and Code Administrators International 
(BOCA) administered the BOCA National Codes and were used in 
fhe Eastern and Great Lakes regions. The International Conference 
of Building Officials (ICBO) administered the ICBO Uniform Codes 
and was used in the western and midwestern regions. The South- 
ern Building Code Congress International (SBCCI) administered 
the SBCCI Standard Codes in the southern region. The adoption 
of one code has reduced both building construction costs and 
confusion when working with building codes. 


Development of Building Safety Codes 


can have more stringent or slightly different 
requirements on certain aspects of electrical 
installations than a different state or county. 
Various states and jurisdictions enforce 
different codes and standards. However, 
most jurisdictions adopt the International 
Building Code? as the model code for their 
jurisdiction. Additionally, the Building 
Construction and Safety Code™ is used. 


International Building Code®. The 
International Building Code? (IBC) is the 
most common code governing the design 
and construction of a building. The IBC is 
primarily concerned with a building's struc- 
tural stability, fire prevention measures, and 
accessibility. See Figure 3-2. Where it has 
been adopted, the IBC applies to all types 
of structures, except single- and two-family 
dwellings, which are covered by a different 
code. The IBC is updated every three years. 


| ^. Intemationogl 
"^ Building Code" GBC) 


• Classification of buildings into groups 
based on use and occupancy (detailed 
requirements for various groups) 


* Types of construction 
e Fire protection systems 


* Means of egress and accessibility 
e Energy efficiency 

e Structural design 

e Building materials 


* Building systems (electrical, plumbing, 
and mechanical) 


* Construction safeguards 


The IBC is maintained by the Interna- 
tional Code Council (ICC), which also 
develops several complementary codes, 
such as the International Plumbing Code 
(IPC) and the International Mechanical 
Code (IMC). The ICC's family of 15 related 
building codes is collectively referred to 
the I-Codes. 


NFPA 5000°, Building Construction 
and Safety Code®. NFPA 50009, Build- 
ing Construction and Safety Code? is a 
comprehensive building code governing 
the design and construction of a building. 
See Figure 3-3. This code is maintained 
by the NFPA and revised every three years. 

Although NFPA 5000 competes direct- 
ly with the IBC, it has a few differences. 
NFPA 5000 is developed and maintained 
in an ANSI-accredited, consensus-based 
procedure. It covers all types of buildings, 
including all types of dwellings. It includes 
a performance-based option, which defines 
only how a completed building must per- 
form, while allowing various construction 
materials and methods to achieve this per- 
formance. This is in contrast to prescriptive- 
only codes, which describe in detail how 
the building must be constructed. 

NFPA 5000 also has a different organi- 
zation than the IBC. NFPA 5000 separately 
addresses issues specific to occupancy 
types, structural features, building mate- 
rials, and building systems, which some 
users find easier to use. However, NFPA 
5000 was first developed after the IBC was 
already established and has been adopted in 
far fewer jurisdictions. 


THE NATIONAL ELECTRICAL 
CODE* (NEC?) 


The National Electrical Code? (NEC9) is 
a standard on practices for the installation 
of electrical products published by the 
NFPA. Electrician licensing requirements 
vary, depending on each state's governing 
body. The NEC? is written to include 
specific definitions that apply to each 
of its documented sections. The NEC? 


specifies general installation requirements 
that installers must be familiar with. The 
purpose of the NEC? is the "practical 
safeguarding of persons and property 
from the hazards arising from the use of 
electricity." The NEC? gives the require- 
ments for electrical wiring installation to 
help prevent injuries or fires caused by an 
improper electrical installation. 


Using the NEC? 


The NEC? is available as soft-cover, 
loose-leaf, downloadable digital file, and 
other versions. The NEC? is organized in 
an outline format and includes revisions, 
deletions, fine print notes, and exceptions 
to codes. Although the NEC? is updated 
every three years, some municipalities 
lag behind by one or two revision cy- 
cles in their code adoptions. Inspections 
performed on electrical installations are 
based on information from the NEC*. 


Revisions, Deletions, and Extracted 
Text. Revisions, deletions, and extract- 
ed text from the previous edition of the 
NEC® are identified with editorial mark- 
ings. For example, the NEC? specifies 
material in the current edition of the 
text that has changed from the previous 
edition with shaded text or with a verti- 
cal line ( | ) in the margin for tables and 
illustrations. Large blocks of text that 
have been deleted from the previous 
edition of the NEC? are replaced with a 
bullet (e) in the margin. The NEC? also 
contains extracted text that has been 
taken from other NFPA documents, iden- 
tified with brackets. The number, title, 
and edition of the NFPA document from 
which the extract is taken appear at the be- 
ginning of the article in which the extract 
has been used. For example, in Article 
517 Health Care Facilities, extracted text 
from NFPA 99, Health Care Facilities 
Code, appears throughout the article. 
Editorial markings are important for 
helping to trace the development of NEC? 
requirements. See Figure 3-4. 
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«< NFPA 5000* — 
Building Construction and Safety Code^ 


The type of occupancy (hospital, medical clinic, residential 
dwelling, day care, hotel, industrial building, or storage facility) 
Structural design (seismic criteria, wind loads, flood design) 
Construction materials used (concrete, steel, masonry, wood, 
plastics, and glass) 


Fire and life safety features (fire protection systems equipment, 
fire-resistive materials construction, means of egress, 
and accessibility 


Building systems (electrical, mechanical, plumbing, elevators, 
and conveying) 


Figure 3-3. The NFPA 50009, Building Construction and Safety Code? is 
organized by types of occupancy and combines various regulations 
found in other NFPA codes and standards. 


History of the National Electrical Code 


With the invention of the electric light in the late 180 8005, We world of 
technology began to rapidly change. If was not the incandescent 
lamp itself that had a profound effect on technology. Rather, it was 
the development of the electrical distribution system that allowed for 
such advances in the generation and distribution of electricity. The 
evolution of modern electrical distribution systems, however, did not 
happen without pitfalls. Little was known about the science of elec- 
tricity as compared to today. As the electrical industry learned and 
grew, it was faced with challenges. One insurer reported electrical 
fires in 65 textile mills by 1881. Five separate electrical codes existed 
by 1895. In an effort to move toward standardization of electrical 
installation requirements, these codes were consolidated into one 
code that was reviewed by 1200 individuals in the United States and 
Europe. In 1897 the committee that was in charge of һе process 
met and finalized the first NEC* in the United States. The NEC* is now 
revised on a three-year cycle and is the standard used in all fifty 
states and all U.S. territories. The NEC® has become more global in 
scope and has been adopted in many other countries. The NEC? is 
part of the International Electrical Code Series. 


Outline Format. The NEC? is arranged in an 
outline format. Section numbers are designat- 
ed by a period following the article number. 
For example, the number 210.8 illustrates that 
the NEC? section is taken from Article 210, 
Section 8. Section numbers often proceed in 
anormal numbering sequence, but sometimes 
there are gaps in the numerical sequence. 
Sections are not renumbered when sections 
have been deleted from previous editions or 
when the NEC®-governing panels keep space 
available for future code sections. 
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Figure 3-4. NEC? editorial 
markings are used to 
identify the latest NEC? 
changes. 


Г” 
* 


SHADED TEXT 


NEC* Revisions and Extracted Tex! 


Shading behind text is used to indicate revisions from the 


previous issue of the Code. For example, see Article 100 
where the definition of device had been revised from the 
previous edition of the NEC”. 


[ CITATION OF 
EXTRACTED TEXT ] 


Brackets are used to cite extracted text from another 
document that appears in the Code. For example, see 


517.35(A) which was extracted from the Standard for 
Health Care Facilities, NPFA 99-2012, Section 6.4.1.1.4. 


Subsections are part of the sections 
and are designated by uppercase letters 
in parentheses. For example, 210.8(A) 
is a subsection of 210.8. Subsections 
are further broken down by numbers 
to indicate parts of subsections. For 
example, 210.8(A)(4) is a part of sub- 
section 210.8(A). In certain instances, 
the NEC? has further subsections of 
subsections. In most cases, the format 
is in a number-letter-number sequence. 
The NEC? deviates from a number-letter- 
sequence format only when sections do 
not contain any subsections, but do con- 
tain numbered items. For example, the 
number 230.43(4) illustrates a numbered 
item of Section 230.43. 


Exceptions. Exceptions permit alternate 
methods to the general (main) rule. Ex- 
ceptions are permitted instead of the main 
rule when all provisions of the exception 
are met. Because the NEC? is organized in 
an outline format, exceptions are applied 
only to the section they follow or as noted. 
For example, the exception for receptacles 
that are not readily accessible corresponds 
to subsection 210.8(A)(3) and cannot 
be applied to subsection 210.8(A)(1). 
Article 210.8(A)(5) Ground Fault Cir- 
cuit-Interrupter Protection for Personnel 
requires that all receptacles in dwelling 
unit unfinished basements must be GF- 
CI-protected. The exception to 210.8(A) 
(5) allows certain receptacles for fire 
alarm and burglar alarm systems to not be 
GFCI-protected. 


Fine Print Notes. Fine print notes (FPNs) 
are used throughout the NEC? to explain 
information that is contained in the various 
articles. For the purposes of enforcement, 
FPNs are not mandatory and do not contain 
any mandatory provisions. For example, 
Article 110.11 Deteriorating Agents pro- 
tects electrical conductors and equipment 
from harmful deteriorating agents such as 
gases, fumes, liquids, or other materials 
that could cause deterioration of conductor 
insulation. Article 110.11 FPN 2 states that 
there are some cleaning and lubricating 
compounds that can cause severe damage 
to many plastic materials. The FPN is not 
mandatory. It only warns of the dangers 
that some types of cleaning and lubricating 
compounds could pose to plastic materials. 


Layout. The code arrangement of the 
NEC? is specified in Article 90.3 Code 
Arrangement. The NEC? contains an in- 
troduction section and nine chapters. See 
Figure 3-5. Chapter 1 through Chapter 4 
applies to most installation conditions. 
For example, Article 300.14 Length of 
Free Conductors at Outlets, Junctions, 
and Switch Points, from Chapter 3 Wiring 
Methods and Materials, requires that a 
minimum length of 6" of free conductor 
be provided at each outlet for splices or 
terminations. The 6" minimum length 
requirement applies throughout the NEC9 
unless otherwise modified. 

Chapters 5, 6, and 7 supplement or mod- 
ify chapters 1 through 4. Chapter 8 applies 
to communications systems. Chapter 8 is 


not subject to the requirements of chapters 
1 through 7 except where the requirements 
are specifically referenced in chapter 8. 
Chapter 9 contains tables that are refer- 
enced throughout the entire NEC®. Infor- 
mative Annexes in the back section of the 
NEC® do not contain any mandatory pro- 
visions, but do contain information that can 
be helpful in designing or installing electri- 
cal installations. For example, Informative 
Annex C: Tables contains tables for de- 
termining the type and maximum number 
of conductors permitted in different types 
of raceways. 


Licensing Requirements 


The NEC® does not make provisions for 
license requirements. Individual license 
requirements are established by each state, 
province, or jurisdiction. Typically, licens- 
ing requirements are based on documented 
work experience and training. A satisfactory 
passing grade can be required that covers 
applicable portions of the NEC® and other 
requirements. In the United States, individ- 
ual state licensing offices must be contacted 
to determine each state's specific licensing 
requirements as well as code applicability. 
In Canada, each province must be contacted 
to determine specific licensing requirements. 
See Appendix. 


NEC? Definitions and Terminology 
Applying and interpreting the NEC? incor- 
rectly can often be traced to a failure to prop- 
erly understand the terms used. To assist in 
the proper application of the NEC®, terms that 
are used in two or more articles are defined 
in Article 100 Definitions. Terms can also be 
defined in the particular article to which they 
apply. Most articles contain a separate section 
with the specific definitions for that article 
only. Other definitions can be included within 
the particular section to which they apply. For 
example, 210.8(A)(5) defines an unfinished 
basement for the purposes of applying the 
general rule, which requires all receptacles 
in unfinished basements of dwellings to be 
GFCI-protected. See Figure 3-6. 
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9 


NEC" Arrangement 


Chapter 1 — General 

Chapter 2 — Wiring and Protection Ее 
TO ALL ELECTRICAL 

Chapter 3 — Wiring Methods and Materials INSTALLATIONS 

Chapter 4 — Equipment for General Use 


SUPPLEMENTS OR MODIFIES 
CHAPTERS 1 THROUGH 4 


APPLICABLE 
AS REFERENCED 


INFORMATIONAL ONLY; 
NOT MANDATORY 


Chapter 7 — Special Conditions 
CHAPTERS 1 THROUGH 7 
SPECIFICALLY REFERENCED 
Figure 3-5. The arrangement of the NEC? is specified in Article 90.3 


Chapter 5 — Special Occupancies 
Chapter 6 — Special Equipment 
CHAPTER 8 IS NOT SUBJECT 
TO THE REQUIREMENTS OF 
Chapter 8 — Communications Systems EXCEPT WHERE THE 
REQUIREMENTS ARE 
IN CHAPTER 8 
Chapter 9 — Tables \ 
Informative Annex A through Annex J } 
Code Arrangement and contains an introduction section and nine 
chapters. 


“SS NEC? Definitions _. 


№ 


ARTICLE 100 Only those terms that аге used іп two or more 
NEC? articles are defined in Article 100. 


Some articles contain a section that has definitions 
of terms used in that particular article only. 


OTHER 
ARTICLES 


INDIVIDUAL 
SECTIONS 


Sometimes the definition is included in the specific 
NEC? section to which the definition is applicable. 


Figure 3-6. Definitions in the NEC? appear in Article 100 or in the par- 
ticular article or section in which they are used. 
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Enclosures protect personnel from accidental contact with energized 
parts or equipment from physical damage. 


Authority Having Jurisdiction (AHJ). 
The authority having jurisdiction (AHJ) is 
the organization, office, or individual who 
is responsible for approving the equipment 
and materials used for electrical wiring in- 
stallation. The AHJ ensures that the electrical 
installation process is performed within 
proper safety and code requirements. 

Certain requirements of a code may 
require interpretation, and it is the AHJ that 
makes the final determination as to the in- 
terpretation. Typically the AHJ is considered 
to be the inspector on a job site. At other 
times, the on-the-job inspector is a desig- 
nee of the AHJ. For example, the AHJ can 
be a federal, state, local, or other regional 
department. It can be an individual such as 
a fire chief or fire marshal. The AHJ can be 
a labor department, health department, or 
tribal council. For example, with commercial 
and industrial wiring installations, the AHJ 
is typically a building official, electrical in- 
spector, or others having statutory authority. 
Understanding the responsibilities of and 
cooperating with the AHJ is required for all 
electrical installations. 


Approved. Approved is acceptable to the 
AHJ. An approved installation is an instal- 
lation that the AHJ has reviewed, including 
conductors, equipment, and installation, and 
has concluded to be acceptable. The AHJ, in 
determining whether to grant permission or 


approval, evaluates the equipment to see if it 
has been listed, labeled, or identified for the 
use. Through the approval process, people 
and property are protected from hazards, 
such as shock and fire, which can be caused 
by electrical energy. The main criteria that 
the AHJ reviews when making an approval 
decision include the following: 

* Conformance to the requirements of the 
NEC? and any other applicable local 
building codes and standards 

* Quality and suitability of equipment 
installed 

• Professionalism of electrical work 
performed 


Enclosure. An enclosure is a housing or 
structure surrounding electrical equipment 
that provides protection to personnel and 
the equipment. It can also be a fence that 
surrounds an installation. Enclosures are 
installed to prevent personnel from acciden- 
tally contacting energized parts or to protect 
equipment from physical damage. When 
selecting enclosures such as motor controller 
enclosures and disconnect enclosures, the 
correct type of enclosure must be selected 
based on the environment it must withstand. 
NEMA categorizes enclosures based on 
environmental conditions. See Figure 3-7. 


Labeled. Labeled is an official description 
for equipment acceptable to the AHJ and to 
which a label has been attached. Labeling 
identifies equipment or material that has 
been evaluated by a suitable testing agen- 
cy and concluded to be acceptable and in 
compliance with established performance 
and/or construction standards. Examples 
of suitable testing agencies include UL, 
CSA, FM Global, MET Laboratories, Inc.. 
and Intertek. 


To help prevent injury to personnel 
and reduce fire hazards, rooms 
and spaces that house electrical 
equipment marked as “DANGER- 
OUS—HIGH VOLTAGE— AUTHORIZED 
PERSONNEL ONLY” must be locked, 
and only accessed by qualified 
persons. 


Each testing agency has a unique identi- 
fying mark or label. See Figure 3-8. Some 
equipment can be difficult to label because 
of the physical makeup or size. Often this 
type of equipment contains labeling infor- 
mation on the carton or box in which it is 
packaged. 


Listed. Listed is an official description 
for equipment, materials, or services that 
are included in a list published by an or- 
ganization acceptable to the AHJ. As with 
labeling, listing of a product certifies that the 
equipment has been evaluated by a testing 
agency suitable to the AHJ. Equipment that 
has been listed is published in a directory by 
the testing laboratory certifying that it has 
met established standards and is periodically 
reviewed to ensure standards compliance. 


Locations. Electrical equipment can be 
installed in various types of locations 
subjecting it to all types of weather. When 
determining the suitability of equipment, 
locations are considered to be damp, dry, 
or wet. А dry location is a location that is 
not normally damp or wet. Most electrical 
equipment is installed in dry locations. Dry 
locations are out of the direct effects of 
moisture. If a location is normally dry but 
temporarily subject to moisture, it can still 
be classified as a dry location. 

A damp location is a partially protect- 
ed area subject to some moisture. Damp 
locations are subject to moderate degrees 
of moisture, but are generally out of the 
weather. Outdoor locations that are partial- 
ly covered and interior locations such as 
basements are classified as damp locations. 
A wet location is a location that is subject 
to water or other liquids. Locations that 
are subject to more than moderate degrees 
of moisture are classified as wet locations. 
Equipment that will be installed in wet loca- 
tions must be designed so that it is suitable 
for locations exposed to weather without 
any additional protection. Underground 
installations and those in direct contact with 
the earth are classified as wet locations. See 
Figure 3-9. 


. - Testing Agency Labels 
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© Enclosure Types 


NAMEPLATE 
он 
HINGES 
OFF NAMEPLATE 
HANDLE 


MOTOR 
CONTROLLER 
ENCLOSURE 


DRY-TYPE 
TRANSFORMER 
ENCLOSURE 


DISCONNECT 
ENCLOSURE 


NEMA ENCLOSURE 


last 


Indoor use 
Indoor use, limited amounts of falling water 
Outdoor use, undamaged by the formation of ice on the enclosure 


Same as 3R plus windblown dust 


Same as 3R plus windblown dust; external mechanisms remain 
operable while ice-laden 


Outdoor use, splashing water, windblown dust, hose-directed water, 
undamaged by the formation of ice on the enclosure 


Same as 4 plus resists corrosion 


Indoor use to provide a degree of protection against settling 
airborne dust, failing dirt, and dripping noncorrosive liquids 


Same as 3R plus entry of water during temporary submersion at a 
limited depth 
Same as 3R plus entry of water during prolonged submersion at a 
limited depth 


Indoor use, dust, dripping noncorrosive fluids 


Indoor use, dust, spraying water, oil, and non corrosive coolants 


All enclosure types provide a degree of protection against ordinary corrosion and 
against accidental contact with the enclosed equipment when doors or covers are 
closed and in place. All enclosure types provide protection against a limited 
amount of falling dirt. 


Outdoor-type enclosures provide a degree of protection against rain, snow, and 
sleet, and are also suitable for use indoors if they meet the environmental 
conditions present. 


Figure 3-7. The correct type of enclosure is selected based on the 
environment it must withstand. 


Figure 3-8. Labels identify 
equipment or material 
that have been evaluat- 
ed by a suitable testing 


e agency and found to be 
EU d 5 { | in compliance with es- 
C [4 c m tablished performance 


and/or construction 
standards. 
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Damp ond Wet Locations 


DWELLING 


PANELBOARD 


TRANSFORMER 


УУУУ 


UNDERGROUND 
CONDUIT 
WET LOCATIONS 


Figure 3-9. Damp locations are partially protected areas subject to 
some moisture, while wet locations are subject to water or other liquids. 


Equipment used for commercial and 
industrial wiring must be suitable for the 
type location it is to occupy. For example, 
if conductor insulation is listed for dry and 
damp locations, it cannot be used in wet 
locations. Typically this limitation also in- 
cludes placing the conductor in a raceway. 
A conductor with insulation rated for dry 
and damp locations cannot be placed in a 
wet location even if it is inside of a conduit 
listed for wet locations. Also, what is con- 
sidered a dry location after construction is 
completed can actually be a damp or wet 
location during the construction process, 
and appropriate measures must be taken to 
protect electrical equipment, conductors, 
and materials as required. 


Outlets. An outlet is any point in the elec- 
trical system where current supplies utili- 
zation equipment. Utilization equipment 
is equipment that converts electricity into 


a useful form of energy, such as motion, 
heat, or light. For example, an electric mo- 
tor converts electrical energy into rotating 
mechanical energy, and a lamp converts 
electrical energy into light energy. The pur- 
pose of electrical systems is to deliver elec- 
trical power at convenient points in order 
to operate electrical equipment. The points 
at which the electrical system is accessed 
are outlets. Receptacle outlets are outlets 
that provide power for cord-and-plug- 
connected equipment. Lighting outlets are 
outlets that provide power for luminaires 
(lighting fixtures). See Figure 3-10. 


Overcurrent. Overcurrent is any current 
in excess of that for which the conductor 
or equipment is rated. All equipment and 
conductors are designed to operate at a 
specified current rating. When the rated cur- 
rent is exceeded, the result is an overcurrent. 
Overcurrents are caused by overloads, 
ground faults, or short circuits. 

An overload is a small-magnitude 
overcurrent that, over time, can activate an 
overcurrent protection device. Defective 
equipment or too many loads on one circuit 
can cause overloads. See Figure 3-11. 

A ground fault is an unintentional con- 
nection between an ungrounded conductor 
and any grounded non-current carrying metal 
component of the system. Ground faults can 
result in a large-magnitude current flow in the 
ground path. The amount of current that is in 
a circuit depends upon the resistance or im- 
pedance of the ground path. For example, if a 
120 V, ungrounded conductor in a metal 
raceway is nicked during installation, a 
ground fault can occur. The amount of current 
depends upon the impedance of the metal 
conduit back to the source of power. See 
Figure 3-12. 


It is nof uncommon in industri- 
al applications to supply several 
single-receptacle outlets rated 50 A 
on asingle branch circuit. This allows 
for the relocation of heavy-duty in- 
dustrial equipment. 


MOTOR OVERLOADED 


MOTOR 

STARTING MOTOR 

CURRENT NORMAL 
CURRENT 


MOTOR 
OVERLOADED 


MM. 


CURRENT 


MOTOR AT 
NO LOAD 


Figure 3-11. Overloads are caused by 
defective equipment, overloaded equip- 
ment, or too many loads on one circuit. 
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POWER 
SOURCE 


OUTLET BOX 


EQUIPMENT 
GROUNDING 
” CONDUCTOR 


BARE SECTION OF 
UNGROUNDED CONDUCTOR 
IN CONTACT WITH GROUNDED 
METAL RACEWAY 


UNGROUNDED 
GROUND CONDUCTOR 
FAULT (HOT) 


POWER 
SOURCE 


GROUNDED 
METAL RACEWAY CONDUCTOR 


Figure 3-12. A ground fault is an unintentional connection between 
an ungrounded conductor and any grounded metal raceway, box, 
enclosure, or fitting. 


A short circuit is the excessive amount 
of current present as the result of little or 
no resistance between circuit conductors. 
The largest overcurrent results when a 
short circuit occurs. A short circuit is not 
an overload. All equipment should be able 
to withstand short-circuit current. Failure 
to protect against overcurrent conditions 
can result in personnel injury caused by 
electrical shock and fire. See Figure 3-13. 


86 Commercial and Industrial Wiring 


Figure 3-13. A short cir- 
cuit is the unintentional 
connection of two un- 
grounded conductors 
that have a potential 
difference between 
them. 


> Short Circuits 


CONDUCTOR 
(HOT) 


TO AC 
POWER 
SOURCE 


CONDUCTOR 
(NEUTRAL) 


INSULATION 


GROUNDING 
CONDUCTOR 


CONTACT 
BETWEEN BARE 
CONDUCTORS 


Premises Wiring. Premises wiring is a sys- 
tem that includes all of the power, lighting, 
control, and signal wiring systems of a build- 
ing including all of the associated hardware, 
fittings, and wiring devices. Premises wiring 
is installed in both temporary and permanent 
systems. A temporary electrical system is an 
electrical installation used only for construc- 
tion purposes. A permanent electrical system 
is an electrical system installed as a perma- 
nent part of a structure. Temporary electrical 
systems supply power to equipment and 
lighting during the construction process of 
permanent systems and are removed once the 
construction process is complete. Premises 
wiring does not include internal wiring to 
equipment such as motors, motor control 
centers, and appliances. 


Qualified Person. A qualified person 
is a person who has demonstrated skills 
and knowledge of the construction and 
operation of the electrical equipment and 
has received safety training to identify and 
avoid the hazards involved. A person can be 
qualified to perform certain types of electri- 
cal work and not qualified to perform other 
electrical work. For example, an individual 
can be qualified to perform installation on 
480 V motors and controls, but not qualified 


MOTOR LOAD 


MACHINE 
CONTROL PANEL 


PLASTICS INJECTION 
MOLDING MACHINE 


to perform installation on a high-voltage 
utility supply to facility service equipment. 


Rainproof. Rainproofis an official descrip- 
tion for equipment that has been constructed, 
protected, or treated so that rain does not 
interfere with the successful operation of the 
equipment under specified test conditions. 
Rainproof equipment is not suitable for se- 
vere conditions such as heavy, beating rain. 


Raintight. Raintight is an official descrip- 
tion for equipment that has been construct- 
ed, protected, or treated so that exposure 
will not allow the entrance of water during 
a beating rain under specified test condi- 
tions. Raintight equipment is different from 
rainproof equipment as it is constructed to 
withstand more severe storm conditions. 


Nominal Voltage. Nominal voltage is a 
value assigned to a circuit or system to 
designate its voltage class. Most voltages 
referenced in the NEC? are nominal volt- 
ages. The actual voltage value measured 
in a system is rarely exactly the same as 
the nominal system voltage. The correct 
designations for nominal system voltages 
are as follows: 

e 120V 

* 120/240 V 


• 120/208 V 
• 240V 
e 347V 
* 277/480 V 
* 480V 
e 347/600 V 
• 600V 

The voltage of a circuit is the highest 
voltage measured between any two hot con- 
ductors of a circuit. The voltage to ground is 
the voltage measured from one designated 
conductor in a circuit to the grounded con- 
ductor in a grounded system. For example, 
a 480Y/277 V system has a nominal system 
voltage of 480 V. If the actual voltage mea- 
sured between phase conductors is also 480 V, 
then the voltage of the circuit is 480 V. If the 
voltage measured between any of the three- 
phase conductors and the grounded conductor 
is 277 V, then the voltage to ground is 277 V. 


Watertight. Watertight is an official de- 
scription for electrical equipment that has 
been constructed and tested so that moisture 
will not enter the equipment. Watertight 
equipment can be submersible for use in 
areas such as pools and wells. For exam- 
ple, a sump pump used for the removal of 
storm water from a holding well must be 
watertight. 


Weatherproof. Weatherproof is an official 
description for electrical equipment that 
has been constructed and tested such that 
exposure to the weather will not interfere 
with successful operation of the equipment. 
Weatherproof equipment is able to withstand 
heavy rain, ice, snow, and extreme heat. For 
example, an electrical box adjacent to an 
air-conditioning unit must be weatherproof. 


General Installation Requirements 


A working knowledge of the NEC® is 
necessary for safe and efficient installation 
practices. Electrical installation require- 
ments concerning equipment, conductors, 
and terminations are included in Article 110 
Requirements for Electrical Installations. 
Additionally, work space clearance require- 
ments, which are critical for protection of 
technicians, are also included. 
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Approval of Conductors and Equipment. 

An АН] (such as a job site inspector) must 

give final approval for the conductors and 

equipment installed, so it is important to 

understand what the AHJ looks for when 

performing an inspection. When examining 

equipment and determining what is suitable 

for use, in addition to any listing or labeling 

on the equipment, the following items are 

also considered: 

• Suitability of equipment for purpose and 
environment it is to be located in 

* Mechanical strength and durability of 
equipment including protective features 

* Adequate wire bending and wire connec- 
tion space 

* Conductor insulation type, integrity, and 
rating 

* Any adverse heating effects 

e Arcing effects 

* Type, size, voltage, current capacity, and 
specific use of equipment 

* Additional factors that the AHJ can 
deem important in terms of the practical 
safeguarding of persons who use or come 
in contact with the equipment include 
overall equipment condition and location 
of the equipment within a facility 


Following Manufacturer's Instructions. 
Following manufacturer's instructions in- 
dicates that electrical equipment must be 
installed according to any specific instruc- 
tions in the listing or labeling. For example, 
if torque specifications are provided for the 
terminal lugs on a circuit breaker, when 
the conductors are installed under the lugs, 
the lugs must be tightened to the specified 
torque value. Failure to comply with speci- 
fied torque values is a violation of the NEC? 
and renders any testing useless. If a piece of 
equipment has been designed and tested based 
on certain requirements of installation, then 
those requirements must be adhered to when 
installing the equipment. In addition to NEC? 
requirements, technicians must be aware of 
any specific requirements as part of the list- 
ing. Such information can be obtained from 
the manufacturer and from the product safety 
standards that are published by organizations 
such as UL or the IEEE. See Figure 3-14. 
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PRODUCT SAFETY STANDARDS _ 
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UL 4 
UL 498 
UL 857 


Cables — Thermoplastic-Insulated Underground Feeder and UL 493 
Branch-Circuit Cables 


Cables — Thermoplastic-Insulated Wires and Cables UL 83 
Cables — Thermoset-Insulated Wires and Cables UL 44 
Cables for Non-Power-Limited Fire-Alarm Circuits UL 1425 
UL 1424 


Armored Cable 
Attachment Plugs and Receptacles 
Busways and Associated Fittings 


Cables for Power-Limited Fire-Alarm Circuits 
Communications Cables 
UL 817 
UL 1690 
UL 891 
UL 50 
UL 218 
UL 514B 
UL 62 
UL 1 
UL 1570 


Cord Sets and Power-Supply Cords 
Data-Processing Cable 

Dead-Front Switchboards 
Enclosures for Electrical Equipment 
Fire Pump Controllers 

Fittings for Cable and Conduit 
Flexible Cord and Fixture Wire 
Flexible Metal Conduit 

Fluorescent Lighting Fixtures 


General-Use Snap Switches 


Figure 3-14. Product safety standards may contain requirements that, 
while not appearing as part of the NEC®, must be complied with. 


Per the NEC®, all electrical equipment must be installed in a neat and 
workmanlike manner. 


Wiring Terminology and Methods. The 
NEC® contains only wiring methods that 
are considered suitable for electrical in- 
stallations. Attempts to devise or use other 
methods can be costly, unsafe, and a viola- 
tion of the NEC®. 

Conductors used in almost all electrical 
installations are typically composed of cop- 
per. Other types of conductor compositions 
that can be used include aluminum and 
copper-clad aluminum. Specific installation 
requirements apply for each type of con- 
ductor. Conductor sizes for electrical con- 
struction wiring are based on the American 
Wire Gauge (AWG) system. The smaller the 
AWG value, the greater the cross-sectional 
area and the heavier the conductor. 

During and after installation, the in- 
tegrity of the conductor's insulation must 
be maintained. Insulation resistance tests 
are typically used to verify the integrity of 
the insulation. Fuses and circuit breakers 
must have a sufficient interrupting rating 
to be able to withstand the amount of fault 
current they may have to operate under 
during a fault condition. Care must be taken 
not to locate conductors in environments 
that can deteriorate the insulation, such as 
excess heat, dust, and moisture. Conduc- 
tors located in damp and wet locations, in 
atmospheres of gases, vapors, or fumes that 
can damage insulation must be listed for 
those particular environments. Conductors 
and cables are marked with their type and 
ratings. See Figure 3-15. 


Neat and Workmanlike Manner. One of 
the most important general requirements 
for electrical wiring installation is that 
work be completed in a “neat and work- 
manlike manner" A neat and workman- 
like manner is a term in the NEC? used 
to address the professional work habits 
required when installing electrical wiring 
and equipment. For example, when the 
АН] performing the inspection notices 
visual imperfections such as conduit runs 
not straight, boxes not installed plumb and 
true, conduits kinked at bends, and equip- 
ment not properly secured, the installation 
will fail the inspection and need to be 


reworked. See Figure 3-16. Other specific 
items that should be addressed include: 
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be identified for use with the type of con- 
ductor material. For example, when using 


lugs with aluminum conductors, verify that 
the lug is identified for use with aluminum 
conductors. Similarly, if conductors of 
dissimilar materials are to be used, the 
termination device must be identified for 
use with both types of conductor materials. 


* Plugging all unused openings in boxes 
and other similar enclosures 

* Conductors properly racked for access 
into underground and subsurface enclo- 
sures (where persons can enter) 

* Maintain integrity of installed equipment 
(no physical damage or contamination of 
internal parts) 

* Installation surfaces free of paint, plaster, 
and other contaminants 


> Conductor and Cable Markings 


OTHER 


AWG SIZE MARKINGS 


Mounting and Cooling of Equipment. 
Per the NEC”, all equipment must be se- 
curely fastened on the surface to which it 
is mounted. Proper installation requires that 
the correct fastener for the specific installa- 
tion be used. For example, wood plugs are 
not suitable for use in holes in masonry, 
concrete, or plaster. 


MANUFACTURER'S 
INFORMATION 


CONDUCTOR INSULATION 


CONDUCTOR TYPE 


CONDUCTOR 


The effect of temperature on the equip- 
ment must be a primary consideration 
when designing electrical systems. The 
NEC® requires that proper ventilation be 
provided for electrical equipment, which 
depends on the natural circulation of air. 
Equipment such as transformers are con- 
structed with ventilation openings, which 
must not be obstructed by adjacent walls 
or equipment. The transformer nameplate 
specifies the required distance from the wall 
to the transformer for proper air circulation 
and cooling. See Figure 3-17. 


Л RATED VOLTAGE 


INSULATION LEVEL 


Figure 3-15. Conductors and cables are identified with markings for 
their type and ratings. 


Electrical Connections. At the core of 
any electrical system is the electrical con- 
nection and termination. As with electrical 
equipment, electrical connections must be 
properly designed and installed to avoid 
problems associated with excessive heat. 
Improper electrical terminations lead to 
high-resistance connections, which can lead 
to electrical system failures. 

The first consideration in making good 
electrical connections is the type of con- 
ductor material used. The NEC? recognizes 
copper, aluminum, and copper-clad alumi- 
num, each of which has different physical 
characteristics. When selecting termination 
devices, the termination device used should 


Electrical connections must be properly designed and installed to 
avoid problems associated with excessive heat. 
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PROPER SIZE CONDUIT 
AND CONDUCTORS INSTALLED ~ 


-CONDUIT SUPPORTED 
SPECIFIED DISTANCE eii omi 
FROM BOX CONDUIT BEND 
RADIUS MEETS 
NEC? REQUIREMENTS ^ 


UNUSED BOX 
OPENINGS 
PLUGGED ^, 
CONNECTORS 
SECURELY 
FASTENED ~_ 


OFFSET CONDUIT \ CONDUIT PLUMB, 
BENDS MADE AS e LEVEL, TRUE, AND 
REQUIRED L NOT KINKED 


MOUNTED, LEVEL COVER 


PROPERLY 
SECURED 


p SURFACE FREE OF PAINT, 
PLASTER, AND OTHER CONTAMINANTS 


Figure 3-16. Electrical wiring installation work must be completed in a neat and workmanlike manner. 
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PROPER OPENINGS NOT 
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Figure 3-17. Mounting requirements ensure equipment is securely mounted in place and that sufficient ventilation 
for circulating airflow is provided. 


Electrical connections must always be 
given special consideration. Terminals 
have certain temperature limitations, which 
might not be the same as for the wires 
connected to the terminals. Electrical con- 
nections must be mechanically sound or 
power interruptions could occur at a later 
time. Terminal lugs and connectors must be 
correctly tightened to the conductor. Where 
the torque requirements are specified by the 
NEC”, they must be complied with. A loose 
mechanical connection also presents a high 
resistance in the circuit. Each electrical con- 
nection must have the proper torque value 
applied as specified by the manufacturer. 
See Figure 3-18. 


Arc Flash Protection. An arc is a sus- 
tained discharge of electricity across a 
gap in a circuit or between electrodes. An 
arc flash hazard is a dangerous condition 
associated with the release of energy 
caused by an electric arc. Arc flash pro- 
tection refers to the type, amount, and 
layers of PPE necessary to be protected 
from an arc flash hazard. Newly installed 
electrical equipment typically requires 
adjustment, examination, servicing, or 
maintenance. Applicable equipment in- 
cludes panelboards, switchgear, industrial 
control panels, and motor control centers. 
Arc flash protection warning tags are af- 
fixed on equipment to warn personnel of 
the amount of electrical energy that could 
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be present in the event of an electrical arc 
flash. See Figure 3-19. The NEC? does not 
identify the specific information or how to 
calculate the resultant energy level from an 
arc flash, but does refer the user to NFPA 
70Е, Standard for Electrical Safety in the 
Workplace, which supplies information 
on calculating resultant energy levels and 
safety requirements. 

Electrical arcing can have disastrous 
results on combustible materials, including 
clothing. Care must be taken to separate 
equipment that produces electrical arcs, 
sparks, flames, or molten metal from com- 
bustible material. Equipment that can pro- 
duce an electrical arc includes DC motors 
with commutators that arc and spark during 
normal operation, AC motors with centrifu- 
gal starting switches, and motor controllers 
with contacts that produce electrical arcs as 
they operate during motor startup. 


lech Tip 


Per NFPA 70E, Individuals working ad- 
jacent to or on a piece of equipment 
that could produce an arc flash must 
wear arc-rated, long-sleeve clothing, 
properly rated electrical gloves with 
leather protectors, an electrically 
rated hard hat, safety glasses or gog- 
gles, and an arc-resistant face shield. 


ELECTRICAL CONNECTIONS — TORQUE VALUES 
Recommended Tightening Torques for Screws* 


Hexagonal Head Screwdriver — 
External Drive Socket Wrench 


Split-Bolt Other 
Connectors Connectors 


Slotted Head Screwdriver — No. 10 and Larger 


Slot Width to 34 or Slot Width over % or 


Slot Length to *4* 


Wire Size’ 


* in in-Ib 

tin AWG or kcmil 

tinin., 

Figure 3-18. Electrical connections must be securely made by applying the proper torque value to connections 
as specified by the manufacturer. 
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Arc Flash Prolection Warming Tags 


A WARNING 


Arc Flash And Shock Hazard 
Appropriate PPE Required 


24 Inch Flash Hazard Boundary 
3 cal/cm? Flash Hazard at 18 inches 
480 VAC Shock Hazard when Door is Open 


(3)— 1 м inch Limited Approach 
12 inch Restricted Approach — 500 V Class 00 Gloves 


quipment Name: Exhaust Fan #1 MCC Starter 


(Т) DISTANCE FROM ARC REQUIRED TO LIMIT SKIN TEMPERATURE 
TO A CURABLE BURN 


(2)HEAT ENERGY AT 18" FROM ARC 

(3) SHOCK PROTECTION BOUNDARY, PPE REQUIREMENT 
(4) EQUIPMENT NAME 

(5) SHOCK POTENTIAL 

(6) UNQUALIFIED PERSON DISTANCE LIMIT 


Figure 3-19. Arc flash protection warning tags are affixed on equipment 
to warn personnel of the amount of electrical energy that could be 
present in the event of an electrical arc flash. 


Electrical Equipment Markings. Elec- 
trical equipment is required to be marked 
with a durable label, such as a nameplate, 
that has the manufacturer’s identifying mark 
and the electrical ratings of the equipment. 
Electrical nameplate information must 
be clearly visible once the equipment is 
installed. For example, motor nameplates 
must be accessible and not damaged or 
obscured upon installation, including the 
use of paint to cover up the nameplate in- 
formation. See Figure 3-20. 


Disconnecting Means Identification. The 
NEC® has requirements regarding discon- 
necting means identification for specific 
equipment such as motors, motor controllers, 


space heaters, air-conditioning systems, 
and refrigeration equipment. While discon- 
necting means identification information 
is specific for each type of equipment, a 
general installation requires that a discon- 
necting means be legibly marked so as to 
indicate the purpose of the disconnect. If 
the load supplied from the disconnecting 
means is visible, such as a motor located 
directly adjacent to a disconnect switch, 
and it is evident that the disconnect switch 
supplies that motor, then identification is 
not required. If identification is applied, it 
must be durable enough to withstand the 
environment the installation is exposed to. 
For installations, installing disconnecting 
means identification is performed after the 
equipment installation is completed. See 
Figure 3-21. 


EY Electrical Equipment 
`` Markings 


ELECTRICAL EQUIPMENT 
MARKINGS (NAMEPLATE) 
ACCESSIBLE AND NOT 
OBSCURED 


Baldor Electric Co. 


Figure 3-20. Electrical equipment markings 
must be clearly visible after installation and 
not painted over or damaged. 


Electrical Equipment Working Spaces. 
After electrical equipment is installed, there 
must be sufficient space to work in, around, 
or on that equipment without causing 
personnel to be exposed to hazardous con- 
ditions. Clear working spaces must not be 
used for storage. When performing wiring 


installation, the requirements of the NEC? 
must be followed. NEC? requirements 
typically do not appear on the prints used 
for electrical installations. 


"У Disconnecting Means 
*- Identification 


DISCONNECT 
WITCH 


INDICATING 
LAMPS 


LEGIBLE 
DURABLE 
MARKINGS 


SELECTOR 
SWITCH 


Figure 3-21. Disconnecting means for 
equipment must be durable and clearly 
and legibly marked. 


The first requirement addresses the area 
where the technician has to be located to 
perform work, whether in front of, on the side 
of, or behind the equipment. Based on the 
type of wall or equipment behind the installer, 
certain clearance requirements are specified. 
When working on equipment rated at 600 V 
and below with a nominal voltage to ground 
of 0 V to 150 V (such as a 120 V/240 V or 
a 208Y/120 V system), there is a minimum 
clearance requirement of 3' if there is an un- 
grounded wall behind the installer, (such as 
drywall construction). The same minimum 
clearance requirement applies for systems 
with a voltage to ground of 151 V to 600 V 
(such as a 480Y/277 V system). 

If the wall is grounded, such as a poured 
concrete or brick wall, the minimum clear- 
ance requirement remains the same distance 
of 3' for the nominal voltage to ground of 
0 V to 150 V. For 151 V to 600 V under a 
grounded condition, the minimum clearance 
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requirement increases to 33⁄2. When there are 
exposed energized components on both walls 
with an operator in between the walls, the 
minimum clearance requirement increases to 
4’ for systems operating at a nominal 151 V 
to 600 V to ground. See Figure 3-22. 


Wotking Clearances 


UNGROUNDED WALL 


3' MINIMUM 
0 V TO 600 V 


FRONT OF 
ELECTRICAL 
EQUIPMENT 


CONDITION 1 
NO LIVE OR GROUNDED 
PARTS ON WALL 


GROUNDED WALL 


3' MINIMUM 
0V TO 150 V 
3%” MINIMUM 

151 V TO 600 V 
FRONT OF 
ELECTRICAL 
EQUIPMENT 


CONDITION 2 
GROUNDED PARTS ON WALL 


3' MINIMUM 
0 V TO 150 


4' MINIMUM 
151 V TO 600 V 


FRONT OF 
ELECTRICAL 
EQUIPMENT 


CONDITION 3 
EXPOSED LIVE PARTS 
ON BOTH SIDES 


Figure 3-22. After electrical equipment is 
installed, there must be sufficient space 
to work in, around, or on that equipment 
without causing personnel to be exposed 
to hazardous conditions. 


94 Commercial and Industrial Wiring 


74 vommercidi and Іпацѕта Wiring 0 000000 000000 00000 —————-—-— 


The width of working space in front of 
the electrical equipment must be a min- 
imum of 2%’ or the width of the equip- 
ment, whichever is greater. This distance 
requirement allows a technician at least 
shoulder-width access to the equipment. 
Doors must be able to open in the direction 
of egress (outward) to allow safe working 
access. See Figure 3-23. 


Work Space Access 


ELECTRICAL 
EQUIPMENT 


STORAGE NOT 
PERMITTED 


UNOBSTRUCTED CL yy 
AREA FOR EXIT EIDEM 


1200 A (OR MORE), 
OVER 6' WIDE 

WITH OCPDs, 
SWITCHING DEVICES, 
OR CONTROL DEVICES 


REQUIREMENT FOR 
DOOR EQUIPPED WITH ADDITIONAL ENTRANCE 
PANIC BAR OPENS IN NOT REQUIRED IF WORK 
DIRECTION OF EGRESS SPACE IS DOUBLED 


ADJACENT | т 
LIGHTING FIXTURES ILLUMINATION 


6 
MINIMUM 
HEADROOM 


Figure 3-23. Persons working on live electrical equipment must have 
suitable headroom, illumination, and means of access and entrance. 


The height of the working space extends 
from the grade, floor, or platform where the 
equipment is located to a minimum height 
of 61^', or the height of the equipment, 
whichever is greater. A minimum height 
requirement allows for sufficient headroom 
while working on energized electrical equip- 
ment. Additionally, entrance to and from 
the working space must be sufficient for 
personnel safety. Should an accident occur, 
workers must be able to exit the area safely. 
The requirements to exit an area safely vary 
depending on equipment considerations. 
Sufficient lighting must also be provided in 
the work area. 


Dedicated Equipment Space. To protect 
electrical equipment, dedicated equipment 
space is provided for the installation. Ded- 
icated equipment space is also intended to 
make future alterations and additions to the 
electrical system easier for the installer. 
Dedicated equipment space includes the 
area from beneath the equipment to the 
floor, the area to a height of 6’ above the 
equipment, or the height of the structural 
ceiling, whichever is lower. 

Within dedicated equipment space there 
can be no foreign systems that are not 
associated with the electrical equipment. 
Examples of foreign systems that are not 
allowed in a dedicated equipment space 
are plumbing systems and ventilation 
ductwork. One exception is suspended 
ceilings, which are allowed within the 6' 
above the electrical equipment. Above the 
6' dedicated equipment spaces, foreign 
systems such as plumbing and ductwork 
are allowed. Foreign systems must have 
a leak protection apparatus to prevent any 
leakage or moisture from dripping down into 
the electrical equipment. When performing 
electrical installations, dedicated equipment 
spaces for specific electrical equipment must 
not be violated by other installations. See 
Figure 3-24. 


Guarding of Energized Components. 
Guarding of energized components is done 
to prevent accidental contact from person- 
nel with energized components because of 


faulty installation. Energized components 
that operate at 50 V or more must be guard- 
ed against accidental contact. Guarding of 
energized components methods include 
the following: 
* Locating equipment in a room that is 
accessible only to qualified persons 
* Use of permanent partitions or screens 
* Locating equipment on an elevated plat- 
form that allows only qualified persons 
to access the elevation 
* Locating equipment 8' or more above the 
floor 
Electrical equipment is also required to 
have enclosures or guards if it is installed in 
a location where it is likely to be exposed 
to physical damage. Rooms and enclosures 
that contain energized electrical parts must 
be clearly marked with a "WARNING" or 
"DANGER —HIGH VOLTAGE" (or similar 
wording) sign to alert unqualified persons 
not to enter. See Figure 3-25. 


Conductors and Equipment Operating at 
Over 600 V. In addition to general installa- 
tion requirements, additional requirements 
apply to conductors and equipment operat- 
ing above a nominal 600 V. Because of the 
increased hazard presented by higher volt- 
age, electrical installations for equipment 
operating over 600 V must allow access only 
by qualified persons or, in places possibly 
accessible by unqualified persons, the elec- 
trical equipment must be made with met- 
al-enclosed equipment. Other requirements 
for equipment that is installed in areas that 
could be accessed by unqualified persons 
include equipment design requirements such 
as the use of specialized bolts and locking 
mechanisms. See Figure 3-26. 

The minimum workspace clearance for 
equipment operating above 600 V is 6/2" Н x 
3' W. The minimum clearance depths range 
from 3' to 12' for systems operating above 
75 КУ. Sufficient entrance and exit access 
must be provided. Requirements also exist 
for maintaining separation between equip- 
ment operating above 600 V and equipment 
operating below 600 V. АП energized parts 
must be guarded, with proper lighting and 
warning signs provided. 
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Dedicaled Equipment Spaces 


DEDICATED WORK ZONE 
FROM FLOOR TO 
6' ABOVE EQUIPMENT 


DEDICATED WORK ZONE 
FOR WIDTH AND DEPTH 
OF EQUIPMENT 


ЕВЕ 


4" DEPTH 


MINIMUM PANELBOARD 
WORK ZONE 
HEIGHT 
6' OR TOP 
OF EQUIPMENT 


WORKING SPACE WIDTH 
NOT LESS THAN 30" 


FLOOR 


Figure 3-24. To protect electrical equipment, dedicated equipment 
space is provided for installations. 


Guarding of ы 
- Energized Components 


DANGER 
BARBED WIRE AND SIGN 
LOCKED FENCE PREVENT 


UNAUTHORIZED ACCESS 


EXPOSED LIVE 
ELECTRICAL EQUIPMENT 


Figure 3-25. Enclosures or rooms that house 
live electrical parts must be clearly marked 
and guarded against accidental contact. 
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Figure 3-26. Equipment 
installed in areas that 
could be accessed by 
unqualified persons in- 
cludes the use of spe- 
cialized bolts and locking 
mechanisms. 


** Installation Requirements— 
t= Over 600 V Operation 


WARNING 


SPECIALIZED 
BOLT 


METAL 
ENCLOSURE 


SUMMARY 

The installation of commercial and indus- 
trial wiring requires knowledge of applica- 
ble standards and codes. A standard is an 


Access Code: 249878 
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accepted reference or practice, while a code 
is a regulation and requirement devised to 
maintain uniformity of work and proper 
standards of procedure. Installers should be 
familiar with organizations such as NFPA, 
ANSI, NECA, IEEE, NEMA, IEC, МЕТА, 
and various testing organizations. 
Important building codes are the Inter- 
national Building Code and NFPA 5000. 
The NEC® is the most important document 
for technicians. The purpose of the NEC? 
is the "practical safeguarding of persons 
and property from the hazards arising 
from the use of electricity" The NEC? 
contains information to ensure commer- 
cial and industrial wiring installation is 
performed safely and correctly. Licensing 
requirements for technicians vary on a 
state-by-state basis in the United States 
and by individual provinces in Canada. 
Technicians should be familiar with using 
the NEC? to locate installation require- 
ments, code definitions and terminology, 
and general installation requirements. 


Electrical Standards and Codes 


CEVIEW €JUOGSTIOTTS 


Name Date 


Multiple Choice 


1. Documentation that is used to determine the proper method for electrical equipment 
installation in the field is categorized аз — . 
A. blueprints 


B. CAD drawings 
C. installation manuals 
D. standards and codes 


2. _ indicates that the electrical equipment has been constructed and tested so that 
moisture will not enter the equipment. 
A. Rainproof 
B. Raintight 
C. Watertight 
D. Weatherproof 


3. The — ensures that the electrical installation process is performed within proper safety 
and code requirements. 
A. AHJ 


B. IAEI 
C. IEEE 
D. NEC? 


4. NEMA standards are typically used in installations for sizing ___. 
A. cable and conduit 
B. conductors 
C. junction boxes 
D. motor starters 


5. A(n)__ can result in large-magnitude current flow in the ground path. 
A. ground fault 
B. overcurrent 
C. overload 
D. short circuit 


6. The width of working space in front of the electrical equipment must be a minimum 
of __’ or the width of the equipment, whichever is greater. 
A. 2 
12277 
C. 3 
D. 3% 


97 


98 Commercial and Industrial Wiring 


ae 


10. 


11. 


12. 


13. 


МЕТА is an acronym for___. 
A. InterNational Electrical Testing Agency 


B. InterNational Electrical Testing Association 
C. National Electrical Testing Agency 
D. National Electrical Testing Association 


. An ANSI-approved standard is developed based on input from various experts from 


applicable — . 
A. industries 
B. educational institutions 
C. equipment vendors 
D. technical publishers 


. Energized components that operate at___ ог more must be guarded against accidental 


contact. 
A. 12 


B. 24 
C350 
DANS 


_ are used throughout the NEC? to explain information that is contained in the various 
articles. 

A. Addendums 

B. Fine print notes 

C. Revisions 

D. Supplements 


A(n) . installation is an installation that the AHJ has reviewed, including conductors, 
equipment, and installation, and concluded to be acceptable. 

A. acceptable 

B. approved 

C. labeled 

D. listed 


The IEEE produces standards. 
A. 500 
B. 700 
C. 900 
D. 1100 


— is an offical description for equipment that has been constructed, protected, or 
treated so that rain does not interfere with the successful operation of the equipment 
under specified test conditions. 

А. Rainproof 

B. Raintight 

C. Watertight 

D. Weatherproof 
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14. A is an accepted reference or practice. 


15; 


16. 


17. 


18. 


19. 


20. 


А. code 

B. listing 
C. method 
D. standard 


For 151 V to 600 V equipment under a grounded condition, the minimum working 
space clearance requirement is — '. 
A.2 


B. 2% 
G3 
D. 3% 


The ___ symbol is widely recognized and is often used as a valuable indication that 
a particular product has met designated requirements and is suitable for a certain 
application. 

A. NEC? 

BAWIE 

C. JEEE 

D. MET Laboratories 


The IEC rating system is based on ће ___. 
A. amount of voltage that can pass through a system without an overload 
B. quality of the conductors used within a distribution system 
C. frequency and severity of hazards the distribution system is subjected to 
during normal operating procedures 
D. ability of a test instrument to withstand voltage surges that can appear in the 
distribution system when taking handheld meter readings 


In the NEC?, exceptions are permitted instead of the main rule when __. 
A. at least one of the provisions of the exception are met 
B. approved by an inspector after a thorough inspection 
C. all provisions of the exception are met 
D. the methods do not comply with the general rule but are within deviation 
ranges 


To assist in the proper application of the NEC®, terms that are used in two or more 
articles are defined in___. 

A. Annex C 

B. the introduction of each section 

C. NEC? Article 100 

D. the glossary 


If a location is normally dry but temporarily subject to moisture, it can be classified as 
a. location. 

A. dry 

B. wet 

C. damp 

D. moist 
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21. Final approval for the conductors and equipment installed must be given by the __. 
A. testing agency 
B. manufacturer 
C. National Electrical Council 
D. AHJ 


22. A... isaterm in the NEC? used to address the professional work habits required when 
installing electrical wiring and equipment. 
А. neat and workmanlike manner 
B. responsible workman 
C. professional behavior 
D. respectful professional manner 


23. A(n) | isa sustained discharge of electricity across а gap in a circuit or between 
electrodes. 
A. spark 
B. arc 
C. flame 
D. flash 


24. To protect electrical equipment, ^ is provided for the installation. 
A. an equipment guard 
B. a surge protector 
C. dedicated equipment space 
D. test equipment 


25. The minimum clearance depths range from ___ for systems operating above 75 kV. 
A. 1%' to 8' 
Bes tos. 
C53 10:102] 
Des оу БУ 


Completion 


1. As with labeling, — of a product certifies that the equipment has been evaluated by 
a testing agency suitable to the AHJ. 


2. A(n).. location is a partially protected area subject to some moisture. 


3. A(n) is the excessive amount of current present as the result of little or no resistance 
between circuit conductors. 


4. The NEC" requires that a minimum length of — " of free conductor be provided at 
each outlet for splices or terminations. 


5. Defective equipment, overloaded equipment, or too many loads on one circuit can cause 


6. A(n) is the case or housing that surrounds an apparatus. 


7. Motor starters are sized by the classification ^ — " 


13. 


14. 


15. 
16. 
17: 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 
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Overcurrents are caused by overloads, , or short circuits. 


Most jurisdictions adopt ће — as the model building code for their jurisdiction. 


. A(n), location is subject to water or other liquids. 


. The isanationalorganization that focuses on interpretation of the NEC? and teaches 


safe installation and use of electricity. 


«hne is the organization, office, or individual who is responsible for approving the 


equipment and materials used for electrical wiring installation. 


The purpose of the is the practical safeguarding of persons and property from the 
hazards arising from the use of electricity. 


A(n) ___ has the skills and knowledge of the construction and operation of electrical 
equipment and has received safety training on the hazards involved. 


voltage is a value assigned to a circuit or system to designate its voltage class. 
Chapter of the NEC? applies to communications systems. 


The ___ аге standards developed by NECA in partnership with other industry 
organizations. 


To determine the maximum number of conductors that can be installed in a raceway, 
... of the NEC? must be consulted. 


Measuring most voltages in commercial and industrial buildings requires the use of a 
Category test instrument as a minimum. 


. is an official description for equipment that has been constructed, protected, or 
treated so that exposure will not allow the entrance of water during a beating rain under 
specified test conditions. 


In order to become an enforceable law, a(n) must be adopted by a jurisdiction such 
as a local, county or parish, or state authority. 


Where it has been adopted, the ' applies to all types of structures, except single- and 
two-family dwellings, which are covered by a different code. 


The X gives the requirements for electrical wiring installation to help prevent injuries 
or fires caused by an improper electrical installation. 


. are installed to prevent personnel from accidentally contacting energized parts or 
to protect equipment from physical damage. 


_ equipment is equipment that converts electrical energy into a useful form of energy, 
such as motion, heat, or light. 
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True-False 

T F 1. Rooms and enclosures that contain energized electrical parts only need to be locked 
out and not marked with warning signs. 

T F 2. Premises wiring is only installed in permanent systems. 

T F 3. Rather than using the latest version, some municipalities require compliance with an 
earlier revision of the NEC®. 

dn Е 4. NEMA publishes over 800 standards for the electrical industry. 

T F 5. Insulation on conductors can deteriorate over time when exposed to dirt or chemical 
fumes. 

T F 6. Electrical codes can be amended by a particular jurisdiction such as a state or municipality. 

т Е 7. OSHA is an example of a suitable testing agency. 

Et Е 8. ANSI develops electrical standards and oversees the standards writing and approval 
process. 

T F 9. NEC® requirements typically do not appear on the prints used for electrical installations. 

т Е 10. The NFPA 5000 and I-Codes are updated every five years. 

T E 11. The higher the AWG value, the greater the cross-sectional area and the heavier the 
conductor. 

T F 12. Premises wiring does not include internal wiring to equipment such as motors, motor 
control centers, and appliances. 

Т. Е 13. In the United States, individual state licensing offices must be contacted to determine 
each state's specific licensing requirements as well as code applicability. 

T F 14. Underground installations and those in direct contact with the earth are classified as 
damp locations. 

T F 15. Per the AHJ, visual imperfections of an installation can result in failure of a final in- 
spection and require rework. 

T F 16. A NEMA 5-15P plug cannot accidentally be inserted into a 250 V receptacle since the 
prongs on the plug cannot match up with the slots on the receptacles. 

T F 17. Electrician licensing requirements for the NEC" vary, depending on each state's governing 
body. 

Т Е 18. A standard is typically an enforceable law. 

T F 19. Because most standards are not accessible on a job site, working knowledge of appli- 
cable standards is necessary when performing installations. 

i F 20. A conductor with insulation rated for dry and damp locations cannot be placed in a wet 


location even if it is inside of a conduit listed for wet locations. 
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. The International Building Code? (I-Codes) is a code administered by the International 


Electrotechnical Commission (IEC). 


. Plumbing or ventilation ductwork is permitted in dedicated electrical equipment spaces. 


T Е 23. 


The АН] can be a fire chief or fire marshal. 


. The NEC? specifies material in the current edition of the text that has changed from 


the previous edition with a bullet (e) in the margin. 


. Disconnecting means identification is placed on equipment before the installation is 


completed. 


Arc Flash Protection Warning Tags 


(£— D» Inch Flash Hazard Boundary 
3 cal/cm? Flash Hazard at 18 inches 
480 VAC Shock Hazard when Door is Open 


. Distance from arc required to limit skin temperature to a curable burn 
. Equipment name 
. Heat energy at 18" from arc 


1 
2 
3 
4. 
5 
6 


Shock potential 


. Skin protection boundary, PPE requirement 


. Unqualified person distance limit 


A WARNING 


Arc Flash And Shock Hazard 
Appropriate PPE Required 


36 inch Limited Approach 


+12 inch Restricted Approach — 500 V Class 00 Gloves 
(O— Ez—— Name: Exhaust Fan #1 MCC Starter 
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Neat and Workmanlike Manner 


— 
= 


1 
2 
3 
4. 
5 
6 
7 
8 
9 


. Unused box openings plugged 


. Conduit bend radius meets NEC? requirements 
. Conduit plumb, level, true, and not kinked 


. Conduit supported specified distance from box 


Connectors securely fastened 


. Cover properly secured 

. Installation surface free of paint, plaster, and other contaminants 
. Offset conduit bends made as required 

. Proper-size box securely mounted, level 


. Proper-size conduit and conductors installed 
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Starting a commercial or industrial wiring 
project involves understanding the project 
specifications. Project specifications cover 
the project delivery method and include 
written specifications and project time lines. 
Project specifications must be maintained 
by the contractor. 


A project delivery method is a formal pro- 
cess used to manage and control commer- 
cial and industrial wiring projects. Project 
delivery methods include design/bid/build 
processes and design/build processes. 

A design/bid/build process is a project 
delivery method in which an architectural 
engineering firm provides facility design, 
drawings, and specifications and a general 
contractor provides facility construction. 
An architectural engineering (AE) firm is 
a licensed firm that provides both architec- 
tural and engineering design services for 


Commercial and industrial wiring involves more than physical 
yands-on tasks. In addition to is Кумуюсша and skills necessary 
foperfomn the various jobs in Me field, electrical contractors m 
be able to understand and e with job-specific documenta- 
tion, including electrical engineer's written specifications, punch 
lists, and drawings that specify how the wiring is to be installed. 


e d 


Friot tO Oégirining any сог есе! or тач то! м 

ing project, contractors must be aware of the project 
delivery methoa anc Mus} be able to determine the реве 
schedule by reading the appropriate timeline. Contractors 
also be able to feror the types of information available on 
each drawing. Project drawings can be interpreted once the 
symbols for each type of drawing are understood. Drawing 
SET ур ЕЕ are used to determine specifics about conductors 


or tte - dle | уф 2 
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corii. circuit drawings! is necessary to verify proper operation of 


electrical systems and equipment after installation. 
It is the responsibility of the electrical contractor to ensure that 


WORK is performed according tadhe spe 


di dires 


ҮС 


and that any necessary changes are noted. It is also the responsi- 


bility of the contractor to ensure that projects schedule 


a given project. The facility owner hires 
an AE firm through a contract process to 
accomplish the building design. The AE 
firm provides both drawings and specifica- 
tions for the project. 

Once the building design from the AE 
firm is complete, the facility owner hires a 
construction contractor (general contractor) 
to perform the actual construction of the 
facility. The construction contractor is 
typically hired through a bidding process. 
The construction contractor who is awarded 
the bid completes the project under a con- 
struction contract based on the drawings 
and specifications provided by the AE. 
The construction contractor typically hires 
an electrical contractor as a subcontractor. 

A design/build process is a project deliv- 
ery method in which one firm provides the 
design, drawings, specifications, and facil- 
ity construction. The design/build process 
of construction is different from the design/ 
bid/build process in that it integrates both 
the design process and construction process 
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Figure 4-1. The design/ 
build process of construc- 
tion is different from the 
design/bid/build process 
in that it integrates both 
The design process and 
construction process un- 
der the responsibility of 
one organization. 


under the responsibility of one organiza- 
tion (designer-builder). See Figure 4-1. A 
designer-builder is a builder that contracts 
with the facility owner to provide both 
architectural engineering design services 
and construction services. An electrical 
contractor can either be a designer-builder 
or a subcontractor to the designer-builder. 


Project Delivery Methods 


Owns facility 
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AE FIRM CONTRACTOR | 
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Hires subcontractors 


DESIGN/BID/BUILD PROCESS 
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Owns facility 


Hires designer-builder 
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Completes facility 
construction 


Hires subcontractors 


DESIGN/BUILD PROCESS 


Whether a project utilizes the traditional 
design/bid/build process or the design/build 
process, an electrical contractor performs 
the electrical construction portion of the 
project. This includes all aspects of electrical 
Work, such as running underground conduits, 
mounting and installing transformers, install- 
ing power and lighting distribution systems, 
and wiring and testing control circuits. 


Written Specifications 


As part of the construction process, written 
specifications are normally required. А writ- 
ten specification is a document containing 
requirements for work to be performed 
and, when combined with project drawings, 
forms the basis of the contract require- 
ments for the project. See Appendix. The 
Construction Specifications Institute (CSI) 
is a nonprofit organization that provides 
standardized specifications for building 
construction. The CSI MasterFormat? 
divides written specifications into fifty 
divisions, with each MasterFormat division 
covering a specific portion of the project. 
MasterFormat Divisions 26 and 27 are 
subdivided to provide detailed information 
concerning electrical installation. Division 26 
addresses electrical and lighting systems that, 
previous to 2004, were located in Division 16. 
Division 27 addresses communications sys- 
tems that, previous to 2004, were also located 
in Division 16. Specifications for electrical 
systems typically include the following: 
* minimum conductor sizes for branch 
circuits 
* types and sizes of raceways 
* types of conductors and devices 
* types of conductor insulation 
* mounting heights of switches and 
receptacles 
* wiring methods 
* component identification and labeling 
requirements 
* conductor color-code requirements 
* fuse application requirements 
* CSLapproved equipment manufacturers 
* testing requirements 
Contractors performing work on com- 
mercial and industrial projects should note 
any discrepancies between the electrical 
drawings and Divisions 26 and 27 of the 
written specifications, any field changes 
that may be reflected in the drawings but 
not reflected in the written specifications, 
and the use of materials that have not been 
listed in the written specifications. Any 
documentation that reflects changes to the 
original design or outstanding items yet to 
be completed should also be noted. 


Project Timelines 


A project timeline is a schedule that iden- 
tifies start and completion dates of tasks. A 
commercial or industrial project should be 
completed safely, professionally, on time, 
and within budget. A bar-chart schedule 
is a schedule that uses horizontal bars to 
indicate the progress of various tasks. See 
Figure 4-2. A bar-chart schedule has a 
horizontal line (time bar) for each major 
activity. Vertical lines are used to indicate 
the beginning of a defined time period, such 
as a workweek. Within each time bar, an es- 
timate of work to be completed is indicated. 
As work continues, the actual progress is 
separately indicated. 


Documentation of Changes 

АП projects undergo changes during the 
construction process. To document the 
changes and modifications that take place 


Bar-Chart Schedules 
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and to ensure that changes meet code and 
other project requirements, a change order 
is used. A change order is a document that 
is used to initiate and keep track of changes 
to the original work. A typical change order 
includes the following: 


* reasons for the proposed change and its 
effect on the work 

* description of the proposed change 

* components, devices, and systems 
affected by the change 

* items needed to complete the change (bill 
of materials) 

* accompanying drawings and other 
documentation 

• management approval 
In addition to any wiring to be complet- 

ed, drawings must be changed and other 

documentation must be updated to reflect 

those changes. Change orders are typi- 

cally kept on file with the original project 

documentation. 


ELECTRICAL SCHEDULE — TURBINE BUILDING 
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RELOCATE JOB TRAILER 
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CHART READABILITY 


ACTIVITY START AND COMPLETION DATES 
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NONINVERTED TRIANGLES INDICATE 
REVISED COMPLETION DATES 
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Figure 4-2. A bar-chart 
schedule is a schedule 
that uses horizontal bars 
to indicate the progress 
of various tasks. 


108 Commercial and Industrial Wiring 


A punch list is a list of every item in the 
project that is incomplete or that requires 
a certain amount of rework. Punch lists 
are typically completed near the end of a 
project. See Figure 4-3. 


CONSTRUCTION DRAWINGS 


Accurately interpreting electrical con- 
struction drawings is the basis of proper 
commercial and industrial wiring. Under- 
standing construction drawings involves 
understanding drawing preparation, sup- 
porting information, and the abbreviations, 
lines, and symbols that are used on the 
electrical construction drawings. 


Drawing Preparation 

Construction drawing preparation includes 
creating blueprints or computer-aided 
design prints. A blueprint is a set of draw- 
ings showing dimensions and materials for 
a structure or building project. The term 
blueprint is derived from the old repro- 
duction processes that produced a drawing 
copy sheet with a blue background and 
white lines. 

Computer-aided design (CAD) is the 
design and drafting of a component, mem- 
ber, or structure using a computer. CAD 
systems are used to produce most draw- 
ings. The main advantage of using a CAD 
system is that CAD systems produce clear 
drawings that are computer-stored. There- 
fore, the drawing can be easily accessed 
and printed when changes are required. 

During a typical construction project, 
the AE firm maintains the original draw- 
ings. Copies of these drawings are sent to 
the field construction office, which uses the 
drawings to indicate any changes during 
the construction process. An electrical 
working drawing is a copy of an electrical 
drawing. Electrical working drawings can 
be referred to as red-line drawings. 

A red-line drawing is a drawing that 
is marked-up during the construction 
process to accurately reflect changes that 
occur during construction and that is used 


to prepare the final drawings. An as-built 
drawing is a final drawing prepared by an 
AE firm and turned over to the building 
owner at the conclusion of the project to 
accurately reflect the completed project. 
As-built drawings include any changes 
made during the construction process. 

The second set of drawings that are 
sent to the field construction office are 
known as stick drawings and are used 
by field electricians during the electri- 
cal construction portion of the project. 
A stick drawing is a drawing that hangs 
from a stick or a pole that is supported by 
a stand. Stick drawings are located in the 
field construction office near where the 
work is performed. Typical drawing sizes 
are 11" x 17" and 24" x 36". The 24" x 
36" size is the most common size for 
working drawings, and the 11" x 17" size 
the most common size for specific draw- 
ings, such as equipment wiring and sche- 
matic diagrams. 

Drawings for a construction project 
are divided by their area of discipline and 
identified accordingly. Each discipline is 
assigned a letter designation: “С” for civil 
drawings, "B" for architectural drawings, 
“9” for structural drawings, “М” for me- 
chanical drawings, and "E" for electrical 
drawings. 

The appropriate engineering design 
group prepares drawings for each specific 
discipline. Design groups typically consist 
of engineers, designers, and draftspersons 
that all specialize within one discipline. 
The “С” set of drawings represents geo- 
graphical features and is the responsibility 
of the civil engineering group. The “В” 
set represents facility design and is the 
responsibility of the architects. The “S” 
set represents designs of specific physical 
structures and is prepared by the structural 
engineering group. The “М” set represents 
heating, ventilation, and air conditioning 
(HVAC) design for the facility and is pre- 
pared by the mechanical design group. The 
"E" set represents the electrical system 
design and is prepared by the electrical 
design group. 


Punch Lists 
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SWITCH GEAR INSTALLATION 


_ No; | entareo 


6/18 Install torque busbar connections 
6/18 Fire pumphouse | Replace jockey motor 


Figure 4-3. Punch lists are used to document incomplete tasks and those items requiring rework. 


Each drawing sheet is sequentially 
numbered within its discipline. For ex- 
ample, electrical drawings are numbered 
as sheets E-1, E-2, E-3, and so on. Gen- 
erally, the cover sheet (the first sheet 
on a set of project drawings) identifies 
the name of the project, contains a draw- 
ing index (a list of all project drawings), 
provides title block information, and iden- 
tifies the specific set number. The cover 
sheet of the project drawings can also con- 
tain the general architectural abbreviations 
and symbols used throughout the drawings. 
See Figure 4-4. 


Supporting Information 

Supporting information concerning a 
specific drawing sheet is located in the 
supplemental-information section and is 
often required for accurate interpretation of 
construction drawings. 

A title block is an area on a working 
drawing or print used to provide identifi- 
cation information about the drawing or 
print. The title block generally appears in the 
lower right corner and gives the subject, or 
name of the sheet. The name and company 


Dbexcilptian 


6/23 480 V Dist Verify bus-tie interlock o.k. 


logo of the AE firm are usually displayed 
in the title block. Other information that 
may be displayed in the title block includes 
the project name and location; the drafter's 
initials; the architect's seal; the plan com- 
pletion date; the number of sheets in a set of 
prints and the particular sheet number; the 
scale; and the architect's name and location. 
See Figure 4-5. An architect's seal is an 
embossed stamp or insignia affixed to the 
construction drawing that signifies that a 
licensed professional architect has reviewed 
and approved the project drawings. 

A revision block is a block normally 
located next to the title block that identifies 
the changes that have been marked on the 
drawing since its initial approval. A revision 
block is similar to a title block. Revisions to 
drawings are organized by using a unique 
numbering system so that the documenta- 
tion driving the revisions can be tracked as 
needed. To aid in identifying the most recent 
revision on a drawing, the area affected by 
the revision may be enclosed in a cloud- 
shaped bubble. A triangle may be located 
near it, with the applicable revision number 
inside of the triangle. 


| Domoselad 
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Figure 4-4. The cover 
sheet for a set of project 
drawings provides basic 
information, including 
abbreviations, archi- 
tectural symbols, and a 


& »- Project Drawing Cover Sheets 
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Figure 4-5. The ti- 
tle block generally 
appears in the lower 
right-hand corner of 
the drawing. 
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A drawing scale is a system of drawing 
representation in which drawing elements 
are proportional to actual elements. Di- 
mensions of the drawing can be larger or 
smaller than the actual size of the object. 
For example, a typical scale as it appears 
on a drawing can be 1⁄4” = 1’, which indi- 
cates that one-quarter inch on the drawing 
represents one foot in the actual field. Both 
architect's scales and engineer's scales 
can be used to create and measure scaled 
drawings. Use of a scale helps to keep work 
in perspective and helps to ensure correct 
location of equipment during installation. 
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edge is divided into inches and fractions 
of an inch. 

Architect's scales are read from left to right 
or right to left depending on the scale. See 
Figure 4-6. A 14" = 1'-0" scale is read from 
right to left beginning at the 0 on the right 
end of the scale. The same set of markings 
is used for both the 14" = 1'-0" scale and the 
Vg" = 1'-0" scale. The correct line in relation 
to the scale used must be read. For example, 
18'-0" on the 14" = 1'-0" scale is on the line 
representing 57'-0" on the 4%” = 1'-0" scale. 

An engineer's scale is a triangular scale 
used to draw large areas, such as property 
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Many electrical drawings, such as wiring lines, on a building lot. See Figure 4-7. 
diagrams and one-line diagrams, do not Scales on an engineer's scale are 1" = 10’, 
have a scale. 1” = 20, 1" = 30’, 1" = 40’, 1" = 50’, and 

Common architect’s scales are triangular 1” = 60’. Since engineer's scales are used 
in cross section and have six edges. Five for drawing large areas, the inch divisions 
of the edges have two scales each, and one аге omitted. 


Г” 
v 
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Figure 4-6. An architect's scale is used fo draw most working drawings in a set of prints. 
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Figure 4-7. An engineer's 
scale is a triangular scale 
used to draw large areas. 
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А drawing note is a note on a draw- 
ing that contains information specific to 
the drawing on that particular page or 
sheet. Drawing notes are numbered, with 
the number correlating to a number on a 
specific section of the drawing. When per- 
forming commercial or industrial wiring, it 
is important to understand the information 
located in the drawing notes sections. For 
example, drawing notes on a wiring draw- 
ing could read, “Coordinate installation of 
junction box with mechanical contractor" 
or "All 15 Amp and 20 Amp branch-circuit 
conductors to be 12 AWG THHN:" Failure 
of a field electrician or contractor to comply 
with drawing notes could result in increased 
time and costs due to rework. 


Drawing Abbreviations 


Construction drawing abbreviations are a 
necessary form of shorthand. For exam- 
ple, writing out the term "Ground Fault 
Circuit Interrupter" adjacent to individual 
receptacle symbols would add unneeded 
clutter to the drawing. Instead, placing 
the abbreviation “СЕСІ” adjacent to the 
symbol is a clear indication to technicians 
as to the type of receptacle needed in that 
particular outlet box. Failure to read or 
understand the meaning of the abbreviation 
“СЕСІ” can cause the wrong receptacle 
to be placed. The receptacle will have to 
be replaced during construction when the 
error is identified. Abbreviations such as 
“S” for “south,” “WTR” for “water pipe,” 
and “EL” for “elevation” must be under- 
stood for proper installation of electrical 
systems and equipment. 


Drawing Lines 


All lines on construction drawings are the 
same color. To convey different information, 
the line width is varied, the line broken, or 
some other type of identifying method is used 
to indicate the detail intended. 

Line type guidelines are specified in 
ANSI Y14.2M, Line Conventions and 
Lettering. Lines drawn according to ANSI 
standards enable prints to be interpreted by 
different technicians. See Figure 4-8. For 
example, a line that is shown with a series 
of equal-length dashes is immediately iden- 
tified as a hidden line. 


Standard practices for technical 
drawings are covered in the Y14 se- 
ries of ANSI/ASME standards. These 
standards cover a wide range of 
drawing rules, including sheet siz- 
es, line conventions, abbreviations 
and acronyms, object views, part 
representations, lists and schedules, 
dimensioning and tolerancing, sur- 
face features, and information that 
is specific to certain manufacturing 
processes. 


Object Line 


Defines shape; 
outlines and 
details objects 


Hidden Line 
Shows hidden features 


Centerline 


Locates centerpoints 
of arcs and circles 


Dimension Line 
Shows size or location 


Extension Line 
Defines size or location 


Leader Line 


Calls out 
specific features 


Cutting Plane Line 
Shows internal features 


Section Line 


Identifies 
internal features 


Long Break Line 
Shows long breaks 


Short Break Line 
Shows short breaks 
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ALPHABET OF LINES 
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Figure 4-8. The alphabet of lines is specified in ANSI Y14.2M —Line Conventions and Lettering. 


DIMENSION LINE 
EXTENSION LINE 


114 Commercial and Industrial Wiring 


Each type of line on a drawing has a spe- 
cific function. Line types used on drawings 
include object lines, hidden lines, center- 
lines, dimension lines, extension lines, leader 
lines, cutting plane lines, section lines and 
break lines. See Figure 4-9. 

An object line is a thick line used to 
define and provide detail about a particular 
shape or symbol. A light object line can be 
used to draw objects that are secondary to an 
electrical system, such as a structure outline 
or adjacent equipment. 

A hidden line is a dashed line on a draw- 
ing or print that indicates an object or part 
of an object that is obscured. Hidden lines 
are used on drawings to indicate items such 
as cabinets, shelving, and interior soffits. 
A centerline is a line used on a drawing 
or print to indicate axis of symmetry. Cen- 
terlines consist of a short dash between 
two long dashes and are used to locate the 
centerpoints of arcs and circles, such as in 
holes, pillars, or fixtures. Centerlines are 
invaluable for proper installation alignment 
during electrical construction. 


Contour lines are given on a site plan 
to indicate both existing and new 
grading levels. 


CUTTING 
PLANE LINE 


A dimension line is a line used on a 
drawing or print to indicate the dimen- 
sion of a part or member. The dimensions 
themselves are noted above the line or at a 
break in the line. An extension line is a line 
on a drawing or print that extends from the 
object line to the dimension line. A leader 
line is an inclined line on a drawing or 
print that extends from a written note to the 
object that it refers to. A leader line has an 
arrowhead at one end and may have a 
horizontal shoulder at the end with the 
written note. 

A cutting plane line is a heavy broken 
line on a drawing with perpendicular 
arrows and letters or numbers at each end. 
A cutting plane line is used to indicate the 
plane at which a cross section is taken and 
the direction in which the object is viewed. 
A section line is a line used to indicate the 
type of material shown in a section drawing. 
Section lines are generally drawn at an an- 
gle across the surface and identify internal 
features, such as identification of the solid 
portion of an object. 

A break line is a line that is used on a 
drawing to show an object that is too long to 
be shown on а sheet or that does not require 
its full length to be shown. Styles in break 
lines include those with а “Z” in the middle 
of the line, a line with an irregular zigzag 
pattern, or a line that contains figure-eight 
shapes for cylindrical objects. Shorter break 
lines are drawn freehand. 


Electrical Drawing Symbols 


Electrical construction drawing symbols 
are used in order for field personnel to 
understand the information represented. 


HIDDEN em. 


Although the IEEE and ANSI publish 
standard lines and symbols, there is no 
requirement that AE firms use these lines 
and symbols. To accurately reflect the intent 
of the design and installation, variations of 
IEEE and ANSI symbols, as well as new 
symbols may be used. Lines and symbols 
used for each set of drawings are typically 
located on the cover sheet for each set 
of drawings. 
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Figure 4-9. Each type of line on a drawing has a specific function. 


Lighting Outlets. A lighting outlet is an 
electrical outlet designed for direct con- 
nection of a lampholder or light fixture. 
Lighting outlets can be used on 120 V, 
208 V, 240 V, 277 V, and 480 V circuits. 
Typically, 277 V circuits are used for com- 
mercial and industrial lighting. Lighting 
can be mounted in ceilings, on walls, on 
poles, and outdoors at ground level with 
an underground power source. 

Information on the location and type of 
lighting is obtained by referring to the ap- 
propriate electrical construction drawings. 
Each lighting plan may contain a variety 
of lighting symbols. See Figure 4-10. 
Drawing notes are often used on individual 
lighting plans to indicate specific aspects of 
the lighting installation. 


Receptacle Outlets. A receptacle is an 
electrical device used for easily and tem- 
porarily connecting electrical equipment 
to a power source. Conductors from the 
power source are connected to the back 
and/or sides of the receptacle, and a plug 


. *- Lighting Outlet Symbols 
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LIGHTING FIXTURE 


O O- 


CEILING WALL 


INCANDESCENT 
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connected to the equipment is inserted into 
the slots on front of the receptacle. A re- 
ceptacle outlet is an electrical outlet where 
one or more receptacles are installed. One 
or more receptacles can be installed at a 
receptacle outlet for convenience purpos- 
es, with a 120 V duplex receptacle as the 
most commonly installed. Special-purpose 
receptacles at different voltages can be 
installed as required. 

A convenience outlet is a receptacle 
outlet that is installed for general-purpose 
use. A convenience outlet is not intended 
to supply a specific load. The electrical 
construction drawings denote the purpose of 
the receptacle if it differs from a convenience 
outlet. The purpose of the receptacle can be 
denoted by using different symbols and the 
applicable abbreviations. See Figure 4-11. 


Switches. A switch is an electrical device 
used to control the flow of electricity through 
a circuit or change the connection of a cir- 
cuit. Different types of switches are used 
for various applications. For example, 
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LIGHTING TRACK FIXTURE 


CONTINUOUS 
FLUORESCENT 
FIXTURE 


EE 


SURFACE-MOUNTED 


FLUORESCENT FIXTURE өнү 401 


Figure 4-10. The lighting 
plan includes specific 
lighting symbols. 
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Figure 4-11. Symbols and 
abbreviations specify the 
type and purpose of the 
receptacle outlet. 
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a single-pole switch is the most common 
type of switch used in 120 V circuits; 
however, construction drawings can call 
for a double-pole switch, a key-operated 
switch, or a switch and single recep- 
tacle combination. In lighting circuits, 
low-voltage switches or 277 V switches 
can be installed depending upon the type 
of circuit. Determining the proper switch 
to install requires correct identification 
of the switch symbol, the circuit rating, 
and power source as identified on the 
construction drawing. See Figure 4-12. 


Panelboards. A panelboard is an electri- 
cal panel, or group of panels designed to 
form a single panel, that is contained in 
a cabinet or cutout box. Panelboards are 
placed in or on a wall and are accessible 
only from the front. Panelboards contain 
buses, automatic overcurrent protection 
devices, and switches for control of elec- 
trical power circuits. Proper mounting of 
a panelboard with the correct type, size, 
voltage, and current-rating is important as 
many conductors are likely to be installed 
into a particular panelboard. 
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CONNECTION 


CLOSED-CIRCUIT 
TELEVISION CAMERA 


CLOCK HANGER RECEPTACLE 
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SINGLE RECEPTACLE FLOOR 
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SYSTEM AS INDICATED BY 
NUMBER OF PARALLEL LINES 


Busways and Wireways. A busway is 
a sheet-metal enclosure that contains 
factory-assembled busbars that are 
supported on insulators. A wireway is 
a sheet-metal or nonmetallic enclosure 
with a cover that opens to provide ac- 
cess to the conductors inside. Busways 
and wireways are types of raceways that 
are commonly used in commercial and 
industrial distribution systems to house, 
support, and protect conductors. Different 
types of busways and wireways, such as 
feeder busways and wireways for pulling 
and splicing, can be used, depending on 
the requirements of the application. 


Underground Electrical Distribution. 
When electrical conductors are distribut- 
ed underground, special rules apply, and 
equipment and conductors designed for 
underground use must be used. Access 
to underground equipment at certain lo- 
cations can be provided by entry through 
utility holes or handholes. Electrical 
equipment such as transformers can be 
installed underground in a vault or can be 
mounted on a pad, with the underground 
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conductors brought up through the inside 
of the transformer. Lighting distribution 
conductors can also be brought up from 
underground for lighting circuits. 


Aboveground Electrical Distribution. 
Aboveground electrical distribution and 
lighting systems can be run from pole 
to pole for both power distribution and 
lighting purposes. A guy wire is a rope, 
wire, or cable used to stabilize a vertical 
member. Guy wires are installed to support 
overhead distribution poles and masts. 

A weatherhead is a weatherproof entry 
point for aboveground electrical wiring or 
low-voltage telecommunications lines into 
a structure. Weatherheads are required by 
most electrical codes and/or building codes 
and are also used on utility poles where 
public utility service runs between over- 
head and underground. Weatherheads are 
provided at the point where the distribution 
system connects to the wiring system of 
the premises. 
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Electrical Distribution System Com- 
ponents. Electrical distribution system 
components include lighting and appliance 
branch-circuit panelboards. A lighting 
and appliance branch-circuit panelboard 
is a panelboard in which more than 10% 
of the installed overcurrent devices are 
rated 15 A, 20A, or 30 A. Lighting and appli- 
ance branch-circuit panelboards are used to 
supply circuits with a neutral conductor. 
A power panelboard is a panelboard 
in which 10% or less of the installed 
overcurrent devices supply lighting and ap- 
pliance branch circuits. On electrical draw- 
ings, lines and symbols are used to make 
distinctions between different panelboards. 


Electrical specifications for panelboards 
and switchgear include the maximum 


voltage and the maximum current they 
can withstand. 
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Figure 4-12. Determin- 
ing the proper switch to 
install requires interpre- 
tation of switch symbols. 


Installed wiring can be concealed in a 
floor, ceiling, or wall, or it can be exposed. 
Each type of wiring method has its own 
indication on the drawing. Thick solid lines 
are typically used to indicate wiring that is 
concealed in the ceiling. Thick broken lines 
are used to indicate wiring that is concealed 
in floors or walls. Thin dashed lines are used 
to indicate exposed wiring. 

Home run wiring is wiring in which 
electrical conductors extend from the power 
source or central control point to the point 
of use. AE firms use different symbols to 
indicate home run wiring. Home run wiring 
indicates the number of circuits that are 
used in that section of the installation. The 
panelboard and the circuit-breaker number 
for the particular panelboard supplying the 
circuits are indicated. Additional information 
that can also be determined is the number of 
neutral conductors with each home run wir- 
ing run. Conductor size can also be indicated 
adjacent to the home run wiring symbol. 


Commercial and Industrial Systems. 
Most commercial and industrial installations 
contain fire alarm systems, communication 
systems, and telecommunications systems. 
While IEEE and ANSI standards are used to 
provide basic symbols, many AE firms add 
additional symbols as required to provide 
more specific information on the electrical 
drawings. To identify symbols specific to a 
project that may not be covered by the IEEE 
or ANSI, the symbols list from the project 
drawings or each drawing sheet can be used 
as a reference. 


READING ELECTRICAL 
CONSTRUCTION DRAWINGS 


When installing commercial and industrial 
wiring, the ability to read and understand 
electrical construction drawings is re- 
quired. Once the drawing fundamentals are 
understood, information from the drawing 
can be interpreted and applied to a specific 
field application. 

Because of the complexity and large 
amount of electrical wiring to be installed, 
it is impossible to include the necessary 


information for a project on one drawing. 
The drawings are divided up into drawings 
for each portion of the system, such as main 
power distribution, lighting, and so on. Each 
drawing provides information unique to 
each system. Reading electrical construc- 
tion drawings includes understanding plot 
plans, elevation views, section views, detail 
drawings, power risers, one-line diagrams, 
floor plans, schedules, and wiring diagrams. 


Installed wiring can be concealed in 
conduit located within walls. 


Plot Plans 


A plot plan is a drawing that shows the 
property lines of a building lot, elevation, 
compass directions, lengths of property 
lines, and locations of structures to be built. 
Utility services and landscaping can also 
be shown. 

Information located on a plot plan of 
particular value to an electrical contractor 
includes contour lines (if an underground 
distribution system is to be installed), 
locations of buildings on the property, 
new and existing roadways, electrical 
overhead transmission lines, overhead and 
underground electrical distribution lines, 
telephone lines, and any other utility lines 
or equipment. See Figure 4-13. 
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Figure 4-13. A plot plan is a view that looks down over the construction area. 


Elevation Views 


When installing electrical wiring, the 
heights of doors, windows, and roofs must 
be known. An elevation view is a drawing 
that shows the height and features of an ob- 
ject in relation to another point or plane. An 
elevation view typically shows dimensions 
such as height and width. For example, an 
elevation view of a motor control center is 
necessary when wiring motor control cir- 
cuits. А motor control center contains many 


cubicles that are similar. When wiring is 
installed, it must be installed in the correct 
cubicle. Such information is determined 
from the motor control center elevation 
view. See Figure 4-14. 


Plot plans provide information required 
for locating a building on a lot. 


EXISTING SIDEWALK 


OAK STREET (CONC PAVED) 


9 


120 Commercial and Industrial Wiring 


Figure 4-14. An elevation 
view shows the outline 
of an object or building 
when facing the object 
or building. 
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Section Views 


А section view is a drawing that shows a 
portion of the internal features of an object 
or structure. With a section view, an imag- 
inary cutting plane is passed through the 
object or structure to indicate the position of 
the section. Typically, a heavy double-dot- 
and-dash line identifies the point at which 
the imaginary cut has been made. 

It is often necessary to show more than 
one section of a particular elevation or plan 
view and different sections may be shown 
on one sheet. However, because of the large 
amount of information to be displayed, the 
elevation or plan view may be shown on 
one sheet while the associated sections are 
shown on one or more additional sheets. 

The information presented in a section 
view needs to be interpreted correctly in order 
to determine how electrical wiring is to be 
installed. For example, a wall section view 
identifies the type of construction used for 
the wall interior and includes detail for items 


such as roof insulation, concrete slabs, and 
footings. Without the information provided by 
the wall section view, an incorrect installation 
method could be used. See Figure 4-15. 


Square D-Schneider Electric 


Motor control center installations require 
drawings that specify the location of the 
control center in the facility. 
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Section View Drawings 
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Figure 4-15. Section views are commonly taken through exterior walls and provide information about 
wall construction. 
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Figure 4-16. Detail draw- 
ings are used to show 
specifics for particular 
portions of an installation. 


Figure 4-17. A power riser 
drawing is an electrical 
drawing that shows the 
arrangement of the elec- 
trical service and main 
distribution equipment in 
block form. 


Detail Drawings 


A detail drawing is a drawing showing a 
small part of a plan, elevation, or section 
view at an enlarged scale and with greater 
detail. A detail drawing is used to provide 
information not clearly shown in another 
part of the drawing. For example, a detail 
drawing for a neon light provides infor- 
mation such as the type of insulator to be 
used, the size and type of aluminum angle 
to be used, and the type and dimensions of 
a plastic lens used as breakage protection. 
See Figure 4-16. 
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Detail drawings may also include instal- 
lation information or additional information 
about individual components. For example, 
special equipment or procedures may be 
required to terminate certain types of con- 
ductors. This information may be noted on 
a detail drawing. 


Power Riser Drawings 


А power riser drawing is an electrical 
drawing that shows the arrangement of 
the electrical service and main distri- 
bution equipment in block form. See 
Figure 4-17. Power riser drawings are of- 
ten used to represent electrical distribution 
systems in commercial installations. Power 
riser drawings not only show the flow path 
of electrical power into a facility, but also 
identify pertinent information regarding 
the specifics of the installation, including 
service conductor type, size, and whether 
underground or overhead; the size and 
ratings of the main distribution panel; the 
size and type of feeders to outlying major 
equipment and panelboards; and conduit 
size and type. 
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One-Line Diagrams 


А one-line diagram is a drawing used 
when designing larger commercial and 
industrial installations to show the flow 
path of electrical power throughout the 
facility. Many symbols used on one-line 
diagrams are unique to a one-line drawing. 
When designing large facilities, one-line 
diagrams can encompass several sheets. 
These sheets are arranged sequentially to 
show a smooth flow of electrical power 
throughout the facility. 


One-line diagrams are used by electrical 
contractors to determine ratings, locations, 
and interrelationships of equipment and 
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systems; by engineers to determine short 
circuit calculations and proper coordina- 
tion; by inspectors to verify layout and 
overcurrent protection; and by maintenance 
technicians to troubleshoot, test, and repair 
installed equipment. Up-to-date one-line 
drawings are required for accurate electrical 
wiring. See Figure 4-18. 


Laser distance estimators are used 
to take measurements for pipe and 
conduit without the use of a tape 
measure. 
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Figure 4-18. One-line di- 
agrams are used in large 
commercial and indus- 
trial installations to show 
the flow path of power 
through the facility. 
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Floor Plans 

A floor plan is a plan view of a structure 
that shows the arrangement of walls and 
partitions as they appear in an imaginary 
section taken horizontally at approximately 
4' above floor level. In addition to electrical 
information, plumbing, HVAC, and finish- 
ing information are also noted. In many 
commercial and industrial installations, the 
size and complexity of the entire electrical 
system on one floor is too much information 
to display on one drawing. The distribution 
system is divided into power circuits and 


~ Electrical Floor Plans 


a 
a 


LP1A-45 
1/2” C-3#12 


SEE SHEET A-20 FOR 
CANOPY PLAN AND DETAILS 


CONDUIT WITH 
CONDUCTORS 


[Ad]; ад rA 


REVISION NUMBER AND 
LOCATION OF CHANGE 


TELEPHONE/DATA 
OUTLET BOX 


E EIE 


n | DRIVE RIVE UP TELLER 
EE US 7 Wy rl 1/2" C-5812 
4 CA i SER 
Д А WORKROOM 
| [2] 


ELECTRICAL FLOOR PLAN 


lighting circuits. Different drawings are 
then used for each type of circuit. 


Electrical Floor Plans. An electrical floor 
plan is a plan view used to show power dis- 
tribution components and devices. Typical 
information on electrical floor plans includes 
panelboard locations; branch-circuit con- 
ductor types and sizes; branch-circuit wiring 
methods; home run wiring information; con- 
duit types and sizes; outlet device types and 
locations; switch types and locations; data 
outlet locations; and specific wiring infor- 
mation from drawing notes. See Figure 4-19. 
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Figure 4-19. An electrical floor plan is a plan view used to show power 
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Lighting Plans. A lighting plan is a plan 
view that shows the lighting system for a 
particular floor plan. Typical information 
on a lighting plan includes circuit con- 
ductor types and sizes; wiring methods; 
conduit sizes; lighting outlet locations; 
switch types and locations; lighting 
circuit home run wiring information; 
types of luminaries (lights); emergency 
lighting; night lights; and exit lighting. 
See Figure 4-20. 


Schedules 


A schedule is a detailed list on a print 
that provides information about building 
components such as doors, windows, and 
electrical and mechanical equipment. 
Schedules include tables and charts that 
supply supporting information for draw- 
ings. Numbers and/or letters on the print 
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on separate sheets and are listed in the 
drawing index. Depending on the size, 
complexity, and type of project, separate 
schedules can exist for feeders, lighting 
systems, panelboards, motors, and other 
electrical equipment. See Figure 4-21. 


Feeder Schedules. A feeder is a group 
of circuit conductors between the service 
equipment and the final branch-circuit 
overcurrent device. A feeder schedule is 
a schedule that provides specific require- 
ments about feeder installations. Typical 
information on a feeder schedule includes 
feeder identification number; conductor 
type and size; conductor insulation; num- 
ber of conductors in the feeder circuit; 
power source and termination points; 
conduit type and size; and equipment 
grounding conductor type and size. 
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Figure 4-20. A lighting plan is a pian view that shows the lighting system for a particular floor plan. 
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Figure 4-21. Schedules are tables and charts that supply drawing support information. 


Lighting Schedules. A lighting schedule 
is a schedule that supplies specific infor- 
mation regarding the lighting distribution 
systems. Typical information on a lighting 
schedule includes manufacturer’s name, 
model numbers of luminaries, number of 
lamps per fixture, lamp types and ratings, 
and lamp lens type. 


Panelboard Schedules. A panelboard 
schedule is a schedule that supplies detailed 
information about individual panelboards. 
Information located on a panelboard 
schedule includes panelboard designations; 
circuit-breaker sizes; loads supplied by in- 
dividual breakers; panelboard ratings; kVA 
load per phase; and total load. A panelboard 
schedule is used to determine future load 
capabilities, minimize phase unbalance as 
loads are added, and schedule lockout and 
tagout for routine maintenance. 


Motor and Equipment Schedules. A motor 
and equipment schedule is a schedule that 
provides specific information about the loads 


supplied by the distribution system. Typical 
information on motor and equipment sched- 
ules includes motor or equipment function, 
equipment identification number, manufac- 
turer name and model, horsepower or kVA 
rating, motor RPM, and power source. 


Wiring Diagrams 

A wiring diagram is a drawing that rep- 
resents how the different components of an 
electrical system are connected together by 
conductors. Wiring diagrams are used in the 
field to identify and connect conductors at 
the correct location in the control cabinet. 
Wiring diagrams use a destination code 
system for identifying each conductor and 
its origination and termination points. 

A destination code system is a numbering 
code system that uses a letter and number 
combination on a conductor to indicate the 
origination and termination points of the 
conductor. A destination code system is the 
most commonly used numbering system. 
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See Figure 4-22. The advantage of a destina- 
tion code system is that a conductor located 
inside a control cabinet can be traced to 
the electrical system it is part of or from its 
origination point. 


CONTROL-CIRCUIT DRAWINGS 


Most wiring involves extensive work with 
electrical control-circuit drawings. Wiring 
diagrams are used to correctly terminate 
conductors inside of control cabinets and to 
verify that equipment is installed correctly. 

The start-up and testing phase occurs 
near the completion phase of a construction 
project. Electrical equipment must be in 
proper working order before the owner can 
accept ownership of electrical equipment 
and systems. During the start-up phase, 
testing and operating control circuits is nec- 
essary to verify that the system was installed 
correctly. Reading control-circuit drawings 
requires understanding control-circuit 
diagrams, control-circuit symbols, and 
ladder diagrams. 
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Most control circuit diagrams can be 
divided into two basic sections: the main 
power circuit and the control circuit. The 
purpose of the main power circuit is to pro- 
vide power to all loads. The purpose of the 
control circuit is to open and close contacts 
in the main power circuit. 


Schematic Diagrams 


A schematic diagram is a drawing that 
shows electrical system circuitry, with sym- 
bols depicting electrical devices and lines 
representing conductors. See Figure 4-23. 
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Figure 4-23. A schematic 
diagram is a drawing that 
shows electrical system 
circuitry, with symbols de- 
picting electrical devices 
and lines representing 
conductors. 
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Figure 4-22. A destination code system is a numbering system used to indicate the origination and termination 


points of a conductor. 


Schematic diagrams can be used to show 
both the main power section and the control 
section of the circuit. On large systems, the 
main power and the control circuits cannot 
be located on the same sheet for the same 
piece of equipment. Complex schematic 
diagrams can be continued on one or more 
additional sheets. When schematic dia- 
grams are continued on additional sheets, a 
note is added such as “Continued on Sheet 
MX NODE Sce Sheep x 


Control-Circuit Symbols 


Control-circuit symbols are unique and 
should not be confused with the symbols 
used on other types of electrical drawings. 
For example, the symbol for a single-pole 
switch on a control-circuit schematic di- 
agram is different than for a single-pole 
switch on an electrical floor plan. Also, vari- 
ations of control-circuit symbols are used 
to identify specific devices. The location of 
field equipment is often noted with special 
designated symbols. Special designated 
symbols will be identified on the legend 
provided with the drawings. 


Relays. Types of relays and contacts are 
common symbols in control-circuit dia- 
grams. À relay is a device that controls one 
electrical circuit by opening and closing 
contacts in another circuit. Relays can either 
be electromechanical or solid-state. See 
Figure 4-24. The difference between an 
electromechanical relay and a solid-state 
relay is that an electromechanical relay 
has moving parts while a solid-state relay 
does not. 

The normal state of a relay is the po- 
sition of contacts and devices before any 
external force acts upon them. That is, no 
voltage has yet been applied to the relay 
coil. Relays are shown in a normal state 
on control-circuit diagrams. 

Normally open (NO) contacts are con- 
tacts that are in the open position before 
the device has been energized. Normally 
closed (NC) contacts are contacts that are 
in the closed position before the device is 
energized. When the relay coil is energized 


the contacts change state: contacts that 
were open close and contacts that were 
closed open. 
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Figure 4-24. A relay is an electrically op- 
erated switch used to perform control 
functions in an electrical circuit. 


Contacts, though physically located 
on the relay, can be wired into an entirely 
different electrical circuit. Energizing and 
de-energizing a relay coil causes contacts to 
open and close in different electrical circuits 
or different sections of the same electrical 
circuit to control a load. Typical loads that 
are controlled by switching a relay off and 
on include other relay coils, pilot lights, and 
motors and other utilization equipment. 

When switching motors and other utili- 
zation equipment (such as lighting) off and ° 
on with a relay, the relay contacts must be 
sized large enough to control the amount of 
current to the load. А contactor is a relay 


that uses a small control current to energize 
or de-energize a large load. Contactors are 
sized to interrupt the current to a certain 
size load based on load type and amperage 
or horsepower. 


Ladder Diagrams 


A ladder diagram is a diagram that uses 
lines and graphic symbols to show the logic 
and operation of an electrical circuit. Ladder 
diagrams follow a standard format that is 
particularly suited for describing a circuit's 
operation and logic. They are called ladder 
diagrams because they resemble a ladder. 
See Figure 4-25. The power lines (L1 and 
L2 or L and N) are shown as vertical lines. 
The horizontal “rungs” between the verti- 
cal lines each make a small circuit that has 
one or more inputs and one load. Ladder 
diagrams are also known as line diagrams. 

Inputs are used to control current flow 
to a load. Examples of inputs include relay 
contacts, manually operated pushbuttons 
and switches, pressure switches that re- 
spond to changes in pressure or vacuum, 
and limit switches that operate mechanical- 
ly through equipment movement. Examples 
of loads include control relay coils, lighting 
contactor coils, motor starters or drives, and 
indicator lights. 
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Ladder diagrams may contain a variety 
of additional information to help understand 
and wire the circuit. See Figure 4-26. Text 
notes are often included at the end of the 
rungs to describe that individual circuit's 
role in the whole system. For example, an 
overflow switch turns on a red light. Also, 
each rung has a line reference number, usu- 
ally listed along the left side of the rungs. 

Along the right side of the rungs are 
cross-reference numbers contained within 
parentheses. The cross-reference numbers 
indicate the locations of contacts controlled 
by a coil throughout the circuit. Normally 
open (NO) contacts have no underline 
beneath their cross-reference numbers, 
while normally closed (NC) contacts are 
underlined. For example, a relay coil is a 
load in one rung but has contacts that serve 
as inputs in other rungs. The relay coil's 
rung includes cross-reference numbers for 
each rung that contains one of that relay's 
contacts. 


Ladder diagrams illustrate the control 
circuit logic. Control circuit logic is the 
circuit arrangement that defines the 
expected state of an output based 
on the state(s) of one or more inputs. 
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Figure 4-25. A ladder dia- 
gram is a representation 
of the logical sequence 
of steps that occur in a 
control circuit. 
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Figure 4-26. Line diagrams include reference information, which aids in wiring and troubleshooting. 


Other sets of numbers on a ladder 
diagram include wire reference (termi- 
nal) numbers and manufacturer terminal 
numbers. When a terminal strip is used 
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all M contacts, the motor is de-energized. 
At the same instant, the control circuit M 
contacts open, releasing the holding circuit. 
This is an important safety consideration. 
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for the physical wiring, the terminal num- 
bers should be included on the ladder or 
wiring diagram. АП wire lines that are 
electrically connected to each other are 
assigned a single wire reference number. 
By convention, terminal 1 is always the 
ungrounded (hot) conductor and terminal 
2 is the grounded (neutral) conductor. All 
other wire reference numbers are assigned 
from top to bottom and from left to right. 
Some method may be used to make these 
numbers distinct on the diagram, such as 
circling them. 

Manufacturer terminal numbers are 
used only when a device has its own 
numbered wiring or terminal strip. These 
numbers are then included as needed on the 
line diagram adjacent to those connections. LADDER DIAGRAM 

One of the most common industrial con- 4807 


trol circuits is a standard start-stop station 
Q O O Ө, 
H1 H2 H4 


used to control a single small- to medium- 
CREON 24V x2 О 


The circuit will not re-energize unless the 
start pushbutton is pressed again. 


`7 Three-Wire Motor Starter Control 


CONTACT 
OVERLOAD 
CONTACT 


| RUNGS 


TRANSFORMER 


sized motor. This three-wire control circuit 
can be represented through ladder and 
wiring diagrams. See Figure 4-27. 

The standard start-stop station control 
circuit contains a fuse, a stop pushbutton, 
a start pushbutton, a magnetic motor 
coil (M), and an overload (OL) contact. 
Pressing the start pushbutton energizes 
the magnetic motor starter contact coil 
(M coil), which switches multiple sets 
of contacts. The motor contacts in each 
of the three power phases close, which 
energizes the motor. At the same instant, 
the M contacts in the control circuit close, 
providing an alternate path for current 
flow (the holding circuit) that keeps the M 
coil energized when the start pushbutton 
is released. The fuse protects the control 
circuit from excessive current. 

The magnetic motor starter remains 
energized until the stop pushbutton is 
pressed, the overloads (all OLs) or fuse 
open due to excessive current flow, or when 
power to the circuit is lost. When the mag- 
netic motor starter is de-energized, opening 


MOTOR = 
STARTER 
COIL 


HOLDING 
CONTACT 


OVERLOAD 


START/STOP CONTACT 
PUSHBUTTON Ti 
STATION 
MAGNETIC 
MOTOR 


STARTER 
OVERLOAD 


WIRING DIAGRAM ges BS 


Figure 4-27. The most common motor control circuit is a three-wire, 
start-stop station circuit. The auxiliary contacts of the magnetic mo- 
tor starter coil are used to keep the circuit energized after the start 
button is released. 


SUMMARY 


АП electrical wiring must be done in con- 
formance with project specifications and 
drawings. All documentation and drawings 
must be current and reflect the actual project 
once completed. One of two basic project de- 
livery methods is used to control the project. 
These are the design/bid/build process and 
the design/build process.With a design/bid/ 
build process, the architectural engineering 
firm produces a set of written specifications 
for the electrical work to be performed, and 
a general contractor provides facility con- 
struction. With a design/build process, one 
firm produces the project design, drawings, 
and specifications and provides facility con- 
struction. Contractors must be aware of the 
project delivery method used and work to 
complete the project by its deadline. 
Electrical construction drawings are 
prepared in the design phase and used by 
contractors to govern all electrical wiring. 
Different types of drawings are prepared 
as necessary for different locations, types 


of distribution, and electrical equipment as 
required. Contractors and installers must 
be familiar with and understand all types 
of construction drawings. 

Control-circuit drawings are prepared 
to provide direction for the installation of 
control circuits for various types of equip- 
ment. The symbols used on control-circuit 
drawings are different from those used on 
electrical drawings. Schematic and ladder 
diagrams are used to understand the oper- 
ation of the circuit, as all circuits must be 
verified as operating correctly as part of the 
wiring process. 

Typically, all drawings change from the 
original design once construction has be- 
gun. It is the responsibility of the technician 
to correctly red-line design drawings to 
reflect actual construction so a complete set 
of as-built drawings can be provided to the 
facility owner. Drawings that reflect actual 
construction help ensure that electrical wir- 
ing meets all necessary code, specification, 
and facility design requirements. 


Drawings and Specifications 


Review Questions 


Name Date 


Multiple Choice 


1. A(n) ___ line is a thick line used to define and provide detail about a particular shape 
or symbol. 
A. cutting plane 
B. dimension 
C. object 
D. section 


2. A. is a document that is used to initiate and keep track of changes to the original 
work. 
A. bar-chart schedule 
B. change order 
C. project timeline 
D. punch list 


3. A. is a sheet-metal or nonmetallic enclosure with a cover that opens to provide 
access to the conductors inside. 
A. busway 
B. panelboard 
C. riser 
D. wireway 


4. With a(n) ___ panelboard, 10% or less of the installed overcurrent devices supply 
lighting and appliance branch circuits. 
A. equipment 
B. lighting and appliance branch circuit 
C. power 
D. standard 


5. The most common size for working drawings is — . 
A. 11" x 17" 
B. 24” x 36" 
C. 24” x 48" 


D. 36" x 48" 
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6. A(n) drawing is used to provide information not clearly shown in another part of the 
drawing. 
A. detail 
B. elevation 
C. power riser 
D. section view 


, 


- _” above the floor. 


7. Aplan view looks down at a building from approximately 
A.3,6 
B.4,0 
C 6D 
D. 10,0 


8. (The) isanonprofit organization that provides standardized specifications for building 


construction. 
A. American Institute of Architects (AIA) 


B. Construction Specifications Institute (CSI) 
C. National Electrical Contractors Association (NECA) 
D. Underwriters Laboratories (UL) 


9. A isan electrical panel, or group of panels designed to form a single panel, that is 
contained in a cabinet or cutout box. 
A. busway 
B. panelboard 
C. raceway 
D. wireway 


10. Thick broken lines are used to indicate wiring thatis — . 
A. buried in the ground 
B. concealed in floors or walls 
C. concealed in ceilings 
D. exposed 


11. A is arope, wire, or cable used to stabilize a vertical member. 
A. guy 
B. hoist 
C reel 
D. stringer 


12. A(n)___ note is a note on a drawing that contains information specific to the drawing 
on that particular page or sheet. 
A. architectural 
B. drawing 
C. engineering 
D. revision 


13. A lineisan inclined line on a drawing or print that extends from a written note to 
the object that it refers to. 
А. break 
B. cutting plane 
C. dimension 
D. leader 
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14. A(n)___ drawing is a final drawing prepared by an AE firm and turned over to the building 
owner at the conclusion of the project to accurately reflect the completed project. 
A. as-built 


B. blueprint 
C. red-line 
D. stick 


15. A(n) . outlet is a receptacle outlet that is installed for general-purpose use. 
A. blanked 


B. convenience 
C. lighting 
D. outdoor 


16. The facility owner hires a(n) ___ through a contract process to accomplish the building 
design. 
A. AE firm 
B. general contractor 
C. architect 
D. building team 


17. The drafter’s initials, the architect’s seal, the number of sheets in a set of prints and the 
particular sheet number, and the scale can all be found in the ___. 
A. cover page 
B. detail drawing 
C. plot plan 
D. title block 


18. A(n) __ is an electrical device used for easily and temporarily connecting electrical 
equipment to a power source. 
A. conductor 


B. receptacle 
C. enclosure 
D. OCPD 


19. A line identifies the point at which an imaginary cut has been made in a section view. 
A. thick, dashed 
B. heavy double-dot-and-dash 
C. thin dot-and-dash 
D. thin, solid 


20. The standard start-stop station control circuit contains a fuse, a stop pushbutton, a start 
pushbutton, a — . 
A. magnetic motor coil (M), and a ground (G) contact 


B. limit switch (LS), and a ground (G) contact 
C. magnetic motor coil (M), and an overload (OL) contact 
D. control circuit (C), and an overload (OL) contact 


Completion 


1. A(n) is a list of every item in the project that is incomplete or that requires a certain 
amount of rework. 


2. A(n) contains buses, automatic overcurrent protection devices, and switches for 
control of electrical power circuits. 


3. Thin, lines are used to indicate exposed wiring. 
4. A(n) lineon a drawing is shown with a series of equal-length dashes. 


5. A(n) system uses a letter and number combination on a conductor to indicate the 
origination and termination points of the conductor. 


6. A(n)  isadetailed list on a print that provides information about building components 
such as doors, windows, and electrical and mechanical equipment. 


7. A(n) is a control device that uses a small control current to energize or de-energize 
the load connected to it. 


8. A(n) scale is used to draw large areas, such as property lines, on a building lot. 


9, A(n) q is a builder that contracts with the facility owner to provide both architectural 
engineering design services and construction services. 


10. A(n) diagram shows electrical system circuitry, with symbols depicting electrical 
devices and lines representing conductors. 


11. A(n) drawing is an electrical drawing that shows the arrangement of the electrical 
service and main distribution equipment in block form. 


12. A(n) is a wireway or conduit that contains all circuit conductors between the service 
equipment or the source of a separately derived system and the final branch-circuit 
overcurrent device. 


13. Determining the proper switch to install requires correct identification of the switch 
symbol, the ^ ,and power source as identified on the construction drawing. 


14. A(n) is a device that controls one electrical circuit by opening and closing contacts 
in another circuit. 


15. A(n) __ schedule provides specific information about the loads supplied by the 
distribution system. 


16. wiring has electrical conductors extending from the power source or central control 
point to the point of use. 


17. A(n),  lineisaheavy, broken line on a drawing with perpendicular arrows and letters 
or numbers at each end. 


18. A(n) is a weatherproof entry point for aboveground electrical wiring or low-voltage 
telecommunications lines into a structure. 


19. diagrams are used by maintenance technicians to troubleshoot, test, and repair 
installed equipment. 
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True-False 


20. 


21. 


22. 


23. 


24. 


25. 


On a drawing revision, the area affected by the revision may be represented by a(n) 
— shaped line on the drawing. 


is the design and drafting of a component, member, or structure using a computer. 


A(n) _ drawing is a drawing that is marked-up during the construction process to 
accurately reflect changes that occur during construction and that is used to prepare 
the final drawings. 


A(n) line is a line that is used on a drawing to show an object that is too long to be 
shown on a sheet or that does not require its full length to be shown. 


A lighting and appliance branch-circuit panelboard is a panelboard in which more than 
___% of the installed overcurrent devices are rated 15 A, 20 A, or 30 A. 


A(n) ___ view is a drawing that shows the height and features of an object in relation 
to another point or plane. 


. Relays are shown in a normal state on control-circuit diagrams. 


Floor plans are often used to represent electrical distribution systems in commercial 
installations. 


. Electrical equipment does not have to be in proper working order when the owner 


accepts ownership of electrical equipment and systems. 


. А wireway is a grounded metal enclosure that contains factory-mounted bare or insu- 


lated conductors. 


. Typical information on a lighting plan can include conduit sizes. 
. А limit switch is an example of a load. 


. With a design/bid/build process, one firm provides facility design, drawings, specifi- 


cations, and facility construction. 


. Different drawings are used for each type of electrical circuit. 


. The general contractor typically stores and maintains the original project drawings. 


. Many electrical drawings, such as wiring diagrams and one-line diagrams, do not have 


a scale. 


. A destination code system is the most commonly used numbering system. 
. A bar-chart schedule uses vertical bars to indicate the progress of various tasks. 


. The symbol for a single-pole switch on a control-circuit schematic diagram is different 


than for a single-pole switch on an electrical floor plan. 


. Architect's scales can be read from right to left or left to right, depending on the scale. 
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p F 15. Many symbols used on one-line diagrams are unique to a one-line drawing. 

T F 16. The identification letter used to designate architectural drawings is “A.” 

T Е 17. A hidden line is used оп а drawing to indicate an axis of symmetry. 

T B 18. A bar-chart schedule is a schedule that identifies start and completion dates of tasks. 

T F 19. A construction contractor is typically hired through a bidding process. 

jn F 20. While IEEE and ANSI standards are used to provide basic symbols, many AE firms add 
additional symbols as required to provide more specific information on the electrical 
drawings. 

Ti F 21. Ladder diagrams are also known as line diagrams. 

T F 22. With a design/build process, one firm provides facility design, drawings, specifications, 


and facility construction. 


T F 23. A ladder diagram is read from right to left starting at the bottom of the diagram. 

T E 24. A motor and equipment schedule is used to determine future load capabilities, mini- 
mize phase unbalance as loads are added, and schedule lockout and tagout for routine 
maintenance. 

T F 25. To convey different information on an electrical drawing, lines are drawn with different 
colors. 

Change Orders 


List the main items included on a typical change order. 
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Title Blocks 


1. Architect's name and location 

2. Architect's seal 

3. Drafter's initials 

4. Name of sheet 

5. Number of sheets in set of prints 
. Plan completion date 


6 
7. Project location 
8. Project name 

9 


. Scale 


10. Sheet number 
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Line Types 


E 


. Break line 


. Centerline 


. Cutting plane line 


. Dimension line 


. Extension line 


. Hidden line 
. Leader line 


. Object line 


© о NN л Aà UU мы 


. Section line 


Lighting Outlet Symbols 


. Blanked outlet 


© 
fel 
(ш) 
31 


. Continuous fluorescent fixture (А) -О- © 


CEILING WALL 


. Drop cord 


Aa UU bl = 


. Emergency battery pack with 
charger (С) 


. Exit light and outlet box 
. Incandescent track lighting (E) 


. Junction box (G) © 


5 
6 
7. Individual fluorescent fixture 
8 
9. Lampholder with pull switch 


Ф Ф 
10. Multiple floodlight assembly D NA 
11. Outdoor pole-mounted fixture 


Eo 
12. Outlet box and fluorescent ® о-о 
lighting track fixture 


© © © © wo O 


(2: = 


13. Outlet box and incandescent 
lighting fixture 


14. Surface-mounted fluorescent 
fixture 
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Receptacle Outlet Symbols 


1. Clock hanger receptacle (А) -Ө -& pw 
2. Closed-circuit television camera 
3. Duplex receptacle floor outlet © © ® —K 
4. Duplex receptacle outlet 120 V (E) = Ө -© 
5. Duplex special-purpose receptacle outlet 
6. Fan hanger receptacle © = (Н) © 
7. Range outlet 
8. Single receptacle floor outlet © ы 9 
9. Single receptacle outlet (9 © (D 
10. Single special-purpose receptacle outlet 
11. Special-purpose connection o ES ® А 
12. Special-purpose floor outlet © =r (P) 4+ 


= 
з 


Split-wired duplex receptacle outlet 


= 
4% 


. Split-wired triplex receptacle outlet 


== 
(л 


. Triplex receptacle outlet 240 V 


= 
e 


. Underfloor duct and junction box 


Switch Symbols 


eo 9 ud 9, ъч Ro ыо н 


wb е мы 
о ы S 
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. Automatic door switch 


. Ceiling pull switch 


. Circuit breaker 


. Dimmer 


. Double-pole switch 


Four-way switch 


. Fused switch 


. Key-operated switch 


. Remote control switch 


. Single-pole switch 
. Switch and double receptacle 


. Switch and single receptacle 


wo "s 


A 


VERD CD ONET 


о 


х 


00 
= [e] 


9g 
= 


© © 000 
v 


(D — 


[em 
G2 


. Time switch 


= 
+ 


. Three-way switch 


= 
Un 


. Weatherproof circuit breaker 


m 
е 


. Weatherproof fused switch 


ма 
4 


. Weatherproof switch 


E 
2c 


. Variation in standard equipment 


& © 00000000A 


i) NER 


2 
O 


Describe the characteristics of 
conductors. 

Identify the factors that offect 
zonductor ompacihy 


v 


d 


Describe the common types of cor 
ductor connections and how they 


are made 


List the common types of conductors 


The main elements of a. commercial and industrial wiring instal 
lation project are the conductors and cables used to deliver 
energy from the power source to the load. Proper selection, 
routing, splicing, and termination of conductors is critical. 
Incorrect installation of a conductor can produce Costly prob 
lems after construction is complete. Excessive voltage drops, 


exceeding conductor ampacity, or using a cable or conductor 
with the wrong type of insulation can necessitate installation 
of New conductors to replace the conductors of the wrong 
size or type originally installed. In addition to meeting NEC 

requirements, technicians must be able to use more efficient 
methods for installations. Commercial and: industrial wiring 
installation is typically performed when individual conductors 
are installed in a raceway or with cables that contain the 
required conductors enclosed in a single protective jacket. 


for commercial and industrial wiring 
and describe some of their features. 


FS FSNIPSIIAESTAADC 
ыч 


(Cu) is the most widely used type of conduc- 
tor material. Copper has better conductive 
properties than aluminum and connections 
made with copper are usually not as restric- 
tive as they are when using aluminum or 
copper-clad aluminum. For example, wiring 
devices that are compatible with copper 
are readily available, while wiring devices 
for other types of conductors are typically 
more expensive and can require the use of 
anticorrosive grease as part of the installation 
process. Aluminum (Al) is not as good a 
conductor as copper but is inexpensive and 
lighter, making it suitable for high-voltage 
applications such as overhead power lines. 
Copper-clad aluminum conductors are also 
inexpensive and lightweight but have better 
conductive properties than aluminum con- 
Copper, aluminum, and copper-clad alumi- ductors. Per the NEC*, conductors must be 


A conductor is a material that allows electri- 
cal current (electrons) to flow through it. A 
conductor can be bare, covered, or insulated. 
Conductors are frequently referred to as 
"wires." Conductors are selected and sized 
for specific circuit applications based on 
insulation type and current-carrying ability 
(ampacity). Individual conductors are in- 
stalled within some type of raceway for phys- 
ical protection. Conductors can be connected 
together through solderless connections. Con- 
ductors are connected to an electrical cabinet 
or some other piece of electrical equipment. 


a NOVEM ЕЕ "рр рана 
A 


num are the most common material selections 
used for commercial and industrial wiring 
installations. Because of characteristics such 
as flexibility and good conductivity, copper 


aluminum, copper-clad aluminum, or copper 
unless otherwise specified. Improper connec- 
tions between conductors can result in a high 
resistance connection. 
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Conductors are available and sized as 
either solid or stranded. A solid conductor 
is a conductor that is composed of a single 
piece of conductor material. A stranded 
conductor is a conductor composed of sev- 
eral strands of solid wire wrapped together 
to make a single conductor. Stranded con- 
ductors provide more flexibility for pulling 
and routing through raceways. 

Conductors are sized based on the Amer- 
ican Wire Gauge (AWG) system. The AWG 
system assigns a number for each size based 
on the conductor's cross-sectional area. The 
AWG sizes range from 40 (the smallest) to 
4/0 (the largest, pronounced "four aught"). 
See Figure 5-1. 

The definition of AWG sizes by cross- 
sectional area is based on a single strand. 
Sizes larger than 8 AWG are impractical as 
single, solid conductors, so they are only 
available as stranded conductors. To meet 
the same cross-sectional area, stranded 
conductors have a slightly larger overall 
diameter. This accounts for the tiny empty 
spaces between the strands. 

Most wiring installations require only 
a few different sizes. For example, branch 
circuits in 120/240 V systems typically 
use even-numbered sizes from about 14 to 
8 AWG. (Smaller conductors are typically 
used only in electronics.) Distribution 
circuits use larger sizes. Conductors larger 
than 4/0 AWG are sized based on their 
circular mil area (cmil). (A circular mil is 
the area of a circle with a diameter of one 
mil, which is one-thousandth of an inch.) 
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Conductor Insulation 


An insulator is a material that has a very 
high resistance. Insulators (insulation) resist 
the flow of electrons (current). Common 
insulation material includes rubber, plastic, 
air, glass, and paper. 

All electrical conductors must be pro- 
tected against possible contact with other 
conductors, metal parts, and people. Con- 
ductor insulation protects the conductor 
from damage and isolates the electrical 
power contained within the conductor. 
However, not all energized parts of an 
electrical circuit are protected by insulation. 
When energized parts of an electrical circuit 
are exposed, such as where conductors are 
terminated at fuse or circuit breaker pan- 
els, the distance, or air gap, is used as the 
insulator. The greater the distance between 
energized electrical conductors or parts, 
the greater the resistance. The higher the 
voltage, the greater the distance that is 
required to create a high enough resistance 
to prevent undesired electron flow, such as 
with deadly arc flashes. 

The resistance of conductor insulation 
decreases when degraded by overheating. 
Therefore, the insulation for most conduc- 
tors is classified by temperature ratings of 
60°С (1409By*75?C (679), andeooeC 
(194?F). See Figure 5-2. The insulation 
temperature rating required depends on 
the application and ambient conditions. 


Some special conductor types have 
insulation rated for as high as 200°C 
(392?F) to 250°C (482°F). For example, 
fixture wiring for high-intensity discharge 
(HID) lamps can require a very high tem- 
perature rating. 


For accurate low-resistance measure- 
ments when using a DMM, insulation 
multimeter, or megohmmeter, the 
resistance of the test leads is subtract- 
ed from the fotal resistance. Typical 


test lead resistance is between 0.2 О, 
and 0.5 О. 


Medium-voltage power cables are typically composed of one 
37-strand, 500 kcmil conductor. 
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_ AWG Sizes 


FOR BRANCH 
CIRCUITS 


FOR BELLS, THERMOSTATS, 


FOR INCOMING POWER AND CONTROL CIRCUITS 


AWG APPROX. 
NUMBER | AREA 


Figure 5-1. The smaller the AWG value, the greater the cross-sectional area and the heavier the conductor. 


During the manufacturing process, 
an insulation jacket is placed around a 
conductor to contain the current within 
the conductor. The composition and 
thickness of the insulation jacket are used 
to determine insulation ratings and appli- 
cations. Conductors are usually insulated. 
Exceptions include bare (noninsulated) 


conductors used in specific grounding, 
bonding, and overhead power line ap- 
plications, and covered conductors used 
in certain distribution applications. See 
Figure 5-3. A covered conductor is a 
conductor that is covered with a material 
that is not recognized by the NEC® as an 
insulation material. 


Figure 5-2. Insulation for 
most conductors is clas- 
sified by temperature 
Гапи окоо С, 75°С 
and 90°С. 


The NEC? specifies conductor insulation 
types, which depend on the application. 
Electrical drawings and project specifications 
typically specify the conductor size and the 
type of insulation required for a particular 
installation. 

Type THHN insulation is a heat-resistant 
thermoplastic conductor insulation suitable 
for dry locations and is rated for 90°С. 
Type THWN insulation is a heat-resistant 
thermoplastic conductor insulation suitable 
for both wet and dry locations and is rated 
for 75?C. Copper conductors with THHN or 
THWN insulation are the most commonly 
used insulated conductors in commercial and 
industrial wiring installations. The NEC? pro- 
vides insulation designations. See Appendix. 


Insulation Resistance Testing. Insulation 
can be nicked or scraped from individual 


Conductor Insulation Temperature Rating 


INSULATED 
CONDUCTORS 


Machine 
Tool Wire 
THHN 
THWN 
шеша 
Feeder 
У 

Wire 


75°C 


60°C (wet — 
90°С (dry locations) 


90°C 


conductors when pulled through raceways. 
Insulation can also be damaged when ex- 
posed to moisture, excessive heat, or certain 
chemicals. To verify that insulation has not 
been damaged during the installation pro- 
cess, an insulation resistance test must be 
performed after installation. 

An insulation resistance test is a test 
that is performed by applying 500 V or more 
between the conductor and ground and mea- 
suring the resulting leakage current. An in- 
sulation resistance tester is a test instrument 
that measures current that leaks through the 
insulation into ground. Insulation resistance 
tests can be performed with insulation multi- 
meters (IMMs) or megohmmeters. Insulation 
resistance testers are calibrated to display 
megohms (МО) of resistance. A satisfactory 
insulation resistance measurement should be 
in millions of ohms. 


NONMETALLIC 
CORROSION RESISTANT 


ALL NM CABLE CONDUCTOR 
INSULATION REQUIRED TO 
BE RATED FOR 90°С 


ПОО! ^oohdohone 


Machine tool equipment, plastics 
processing equipment, steel processing 
equipment, etc. 


Branch circuits, receptacle outlets, 
dry locations, damp locations 
General purpose applications, 

wet locations 


Direct burial applications 


Switchboard wiring 


» Conductor insulation 


INSULATION 
VOLTAGE 
RATING 


INSULATION 
LETTER 


DESIGNATION 
0 | TAWN 600V 
2 CO. 12, AWG Type THAN of 


CONDUCTOR AWG SIZE 


CONDUCTOR 
MANUFACTURER 


INSULATION MARKINGS 


TRANSFORMER 


MATERIAL COVERING 
CONDUCTOR IS 
RECOGNIZED BY NEC? 


INSULATED 


When cable and conductor installations 
are tested, they should be disconnected from 
panels and machinery to keep them isolated. 
The conductors should be tested against each 
other and against ground. See Figure 5-4. 
Conductors with damaged insulation must 
be replaced. Minimum resistance readings 
and specific test methods are determined 
by acceptance testing specifications for 
the project. 

Cables and conductors should be test- 
ed and maintained on a three-year cycle 
at minimum. Insulation resistance tests 
should be performed more frequently 
for systems that show deterioration of 
insulation material. When performing insu- 
lation tests on conductors and cable, apply 
the following procedure: 
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Figure 5-3. Conductors 
may be bare, insulated, 
or covered. 


NO OUTER 
COVERING OR | 
INSULATION ON 
GROUND WIRE 


ELECTRICAL 
APPLIANCE 


MATERIAL COVERING 
CONDUCTOR HAS 
NO SPECIAL 
INSULATION RATING 


COVERED 


1. Inspect exposed sections of cables and 
conductors for physical damage. Replace 
or repair sections that exhibit damage. 

2. Inspect cables and conductors for proper 
grounding, cable support, and termi- 
nation. Terminate sections that are not 
properly terminated. 

3. If cables and conductors are properly ter- 
minated, verify that neutrals and grounds 
are properly terminated for operation of 
protective devices. 

4. Perform an insulation resistance test 
on each conductor in the cable. Apply 
1000 VDC for 1 min (one-minute in- 
sulation resistance test) to low-voltage 
cables (1 kV or less) and use a clamp-on 
ammeter, DMM, megohmmeter, or IMM 
to measure the insulation resistance. 
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Figure 5-4. When cable 
and wire installations 
are tested, conductors 
should be tested against 
each other and against 
ground. 


> Testing Cable and Wire Installations 


INSULATION 
RESISTANCE 


CONDUCTOR 


< INSULATION 


INSULATION 


Final test results must meet the test results 
specified in the acceptance testing standards 
forthe project. If no such testing requirements 
exist, then the project AE firm must be con- 
sulted to determine the minimum standard 
testing requirements. 


Conductor Ampacity 
Ampacity is the current-carrying capacity of 
a conductor and is expressed in amperes (A). 
The size of a conductor selected is based on 
the ampacity requirements of the circuit. For 
example, if a circuit has a requirement for 
a conductor to carry 75 A of current, then 
the conductor size selected must be able to 
continuously carry 75 A of current under the 
conditions of use. Using too small of a con- 
ductor can result in a drop in voltage across 
the circuit and can also produce overheating. 
The more current-carrying conductors in 
a raceway, the more heat can be produced. 
Increased conductor temperature limits its 
current-carrying capabilities because of the 
associated change in resistance. Therefore, 
the NEC? provides ampacity adjustment 
factors for single raceways containing more 
than three current-carrying conductors. For 
example, if six 4 AWG copper conductors 
with an ampacity rating of 85 A each were 


CONDUCTORS 


routed through the same conduit, per the 
NEC”, the ampacity has to be reduced by 
20% (85 A x 80% = 68 A). 

Corrections are also made to account 
for a change in resistance due to ambient 
temperature, which is done by referencing 
NEC? ampacity tables. For example, if the 
ampacity is 68 A and the ambient tempera- 
ture is determined to be 100°F, then the 68 A 
is further corrected by multiplying by 0.88 
(from NEC? ambient temperature correction 
table). This gives a final ampacity of 59.8 A, 
which is below the requirement for a con- 
ductor to be able to carry 75 A. Therefore, a 
larger conductor must be selected. A 2 AWG 
THWN copper conductor has an uncorrected 
ampacity rating of 115 A. Adjusting 115 A 
by 80% and 0.88 gives a final ampacity rat- 
ing of 80.9 A, which means that a 2 AWG 
THWN copper conductor can safely carry 
the 75 A current requirement for this circuit. 


Terminals. A terminal is an electricity- 
conducting connection of a circuit or equip- 
ment used for the connection of an external 
conductor. Although an insulated conductor 
with a temperature rating of 90°С can be 
used for certain applications, the temperature 
rating of the terminals in the system can 
further limit the allowable ampacity of the 
conductor. The NEC? ampacity adjustment 


table must be used to determine the allowable 
ampacity when the temperature ratings of the 
terminals are different from the temperature 
ratings of the insulated conductors. 


Voltage Drop. The selection and sizing 
of a conductor is affected by voltage drop. 
Voltage drop is the potential difference de- 
veloped between two points in an electrical 
circuit due to the resistance of a component 
or circuit. As current is carried through a 
resistance, the voltage decreases. Increasing 
resistance or current flow results in greater 
voltage drop. Voltage drop in an electrical 
System can cause equipment to operate 
inefficiently and can cause overheating 
of certain equipment such as motors and 
transformers. The length of conductors in 
a branch circuit affects voltage drop. In 
commercial and industrial facilities with 
long branch circuit lengths, there can be 
significant voltage drop. The NEC? rec- 
ommends that there be no more than a 396 
voltage drop on a branch circuit or feeder. 
The NEC® also recommends that total volt- 
age drop of a branch circuit plus a feeder 
not exceed 5% in order to be efficient. For 
sensitive electronic equipment, the maxi- 
mum voltage drop required by the NEC? 
on a branch circuit is 1.5%. 

When the conductor AWG size is known, 
it can be converted to circular mils (cmil) by 
referring to Chapter 9, Table 8 (conductor 
properties) of the NEC*. See Appendix. 
When circuit length, conductor cross- 
sectional area, and branch-circuit load 
current are known, voltage drop in a 
single-phase circuit can be calculated by 
applying the following formula: 


ee exh Xd 
A 
where 
V,, = voltage drop (in V) 
K = 12.9 (for copper) 
L = circuit length (in ’) 
І = load current (A) 
A = conductor cross-sectional area 
(in cmil) 
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Example: What is the voltage drop in a 
240 V, single-phase, 8 A, 100’ circuit that has 
12 AWG copper conductors? 


у,  2KxLxI 
A 
V, _ 2х129х х1 
А 
2x12.9x100' x8 А 
V, = 
6530 
_ 20,640 
P 6530 
V, 23.16 V 


The calculation indicates that the volt- 
age at the load drops by 3.16 V (1.3%) 
from a supply voltage of 240 V to 236.84 V 
(3.16 V + 240 V = 0.013). A voltage drop 
of 1.396 is within the recommendations of 
the NEC? for branch circuits and feeders. 

Note: For three-phase circuits, a multi- 
plier of 1.73 is substituted for 2. For circuits 
with aluminum conductors, a constant of 
21.2 is substituted for 12.9. 


Conductor Installation 


Once conductors have been selected and 
sized for a particular circuit, they must be 
installed. Raceways and conduit are used 
to protect individual insulated conductors 
from their operating environment. A race- 
way is an enclosed channel for routing and 
protecting electrical conductors and cables. 
Conduit is a tube or pipe used to support 
and protect electrical conductors. Con- 
duit includes rigid metal conduit (RMC), 
intermediate metal conduit (IMC), electrical 
metallic tubing (EMT), and flexible metal 
conduit (FMC). Conductor installation is 
performed with proper routing and iden- 
tification of conductors, maintaining the 
integrity of the conductor insulation, and 
using proper joining methods. 


Conductor Routing. After conduit and 
outlet boxes are in place and other rough 
work is finished, conductors can be routed. 
On short runs, small conductors can be 
pushed through from outlet to outlet. With 
most installations, however, it saves time and 
reduces installer fatigue to use a fish tape. 
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Fish tape is composed of tempered flexi- 
ble steel, and is supplied on a reel in lengths 
of 50’, 100’, and 200’. The fish steel can be 
obtained in thicknesses of 0.030", 0.045", 
and 0.060". Standard widths include V6", 
346", and 1⁄4”, with 0.060" thick by s" wide 


A five-part sequence may be required when 
using a fish tape to pull a conductor or ca- 
ble through the bottom plate of an existing 
wall. See Figure 5-5. Fish tapes sometimes 
are required to be hooked together. Secure 
cable or conductors tightly to the ends of a 


being the most common size used for com- 
mercial and industrial wiring installations. 
Fish tapes are also available with optional 
nylon or brass coating. Coated fish tapes 
are more durable and are easier to pull 
through conduits. 

Fish tapes have an attachment mecha- 
nism on the end, such as a hook or a leader, 
for attachment to conductors for pulling. 


fish tape to prevent conductors from falling 
off during a pull. To pull a conductor or 
cable with a fish tape, apply the following 
procedure: 
1. Position two fish tapes through outlet 
box and bottom plate. 
2. Move fish tapes until ends are hooked 
together. 


.* Pulling Cables with Fish Tapes 


OUTLET BOX 


UPPER 
FISH TAPE 


E ӯ 


E >< A Ко 


(Т) POSITION 2 FISH TAPES THROUGH (2) MOVE FISH TAPES UNTIL THEY 


PULL 
OUTLET BOX AND BOTTOM PLATE ARE HOOKED TOGETHER @ To OUE кенш 


THROUGH THE OUTLET BOX 
AND BOTTOM PLATE 


— AS 


(4) SECURE CABLE FIRMLY TO END 


RETRIE 
Bere ual (Б) RETRIEVE UPPER FISH TAPE WITH 


CABLE ATTACHED 


Figure 5-5. Occasionallly, fish tapes may be hooked together to facilitate a wi 
‘ wire pull, 
plate of an existing wall. 2 pull, such as through the bottom 


3. Pull upper fish tape down through the 
outlet box and bottom plate. 

4. Secure cable or conductor to end of 
upper fish tape. 

5. Retrieve upper fish tape with cable 
attached. 

When fish tape is inserted through a 
conduit and reaches a box, conductors are 
connected to the end of a hook or a leader. 
See Figure 5-6. Wire hooks are closed 
tightly with pliers. Additionally, conductor 
hooks can be taped closed with electri- 
cian's tape and coated with an approved 
wire-pulling lubricant for difficult instal- 
lations. Wire-pulling lubricant is a wet or 
dry compound that is applied to the exterior 
of conductors to allow conductors to slide 


CONDUCTORS WITH 
INSULATION STRIPPED 
FROM ENDS 


“у Connecting Multiple Conductors to Fish Tape 


better. Wire-pulling lubricants contain wax, 
Teflon®, or other noncorrosive substances 
to lubricate conductors as they are routed 
through conduit. Some conductors have 
special outer coverings that facilitate pulling 
without needing extra lubricant. 

When larger-size conductors are routed, 
such as AWG 8, the connections are stag- 
gered so that they are easier to pull through 
conduit bends. Staggering conductors is 
performed by attaching one conductor to 
the fish tape and then attaching the second 
conductor a short distance behind the first 
connection. The staggering process is com- 
pleted until all conductors are attached to 
the fish tape. 


FISH TAPE 


LEADER 


FISH TAPE 


AWG 8 AND SMALLER DIAMETER 


STAGGERED CONDUCTORS 
CONNECTED TOGETHER 


FISH TAPE 
LEADER 


AWG 6 AND LARGER DIAMETER 
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Figure 5-6. When fish 
tape is inserted through a 
conduit and reaches an 
outlet, conductors are 
connected to the end of 
a hook or a leader. 


Figure 5-7. Conductors 
can be fed directly into 
conduit from the man- 
ufacturer's packaging. 


Conductors can be fed directly into 
conduit from the manufacturer's packaging 
(boxes) or from a wire reel. See Figure 5-7. 
When several conductors must be fed into a 
conduit they must be fed parallel, straight, 
and free from kinks, bends, and crossovers. 
Conductors that are permitted to cross over 
each other can form a bulge that makes 
pulling more difficult, especially around 
bends, saddles, or offsets. When possible, 
conductors should be fed downward, as 
from a second story to a first story, so that 
the weight of the conductors can be used to 
aid in the pulling process. If conduit is long 
or has several bends, causing conductors to 
stick together, wire-pulling lubricants can 
be used. Enough length of conductor must 
be pulled out of outlet boxes for connec- 
tion to the next outlet to avoid unnecessary 
splices. See Figure 5-8. 


Conductor Identification. Conductors 
must be identified with a marking system 
during the routing process. The proper 
identification method for cables or individ- 
ual conductors can be located on project 
specifications, vendor data, or facility stan- 
dards. Identifying conductors is required for 
proper termination to new equipment instal- 
lations and for moves, adds, and changes to 
existing equipment. Large-size conductors, 
such as power conductors, are often iden- 
tified with colored tape at each end before 
they are routed through the conduit. For 
example, in applications such as control 
circuits, a large bundle of conductors requir- 
ing identification can be routed through the 
conduit together or grouped together in one 
cable. А wire marker is a self-adhesive label 
affixed to a conductor prior to the point 
where insulation is stripped and provides 


Feeding Conductors into Conduit 


INSULATED 


CONDUCTORS - ^ 
7 


MANUFACTURER'S 
PACKAGING (BOXES) 


H CONDUIT 
be 


Z WIRE-PULLING 
LUBRICANT 
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NEEDED 


a unique numeric or alphanumeric iden- 
tifier for that specific conductor. Specific 
color-coding of the insulation can be used 
for conductor identification at a later time, 
or wire markers must be attached. 


x Pulling Conductors 
** from Conduit 


Figure 5-8. Enough length of each con- 
ductor must be pulled out of outlet boxes 
so that receptacles can be connected 
without requiring splices. 


If a metal fish tape has no hook, one 
can be readily made with a pair of 
pliers. If bent too sharply with a pair 
of pliers, however, the fish tape can 
break because of its temper. Temper 
can be undone if necessary by heat- 
ing the end of the fish tape with a torch 
and letting it cool slowly. 


If installed conductors were never 
marked properly, or the markings have 
been lost or damaged, installers may need 
to perform testing to identify the matching 
ends of the same conductor(s). A continuity 
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test is the easiest method. A continuity test 
is a test that determines whether a circuit 
has a complete path for current to flow. For 
example, a length of undamaged conductor 
has continuity. However, the ends of two 
unconnected conductors should not have 
continuity. This distinction is used to iden- 
tify the opposite ends of the same conductor 
that cannot be otherwise traced due to the 
bulk of the conductor being concealed, such 
as when installed in conduit. 

А continuity tester can be an individual 
test instrument or a function on a DMM. 
Most continuity test instruments emit an 
audible response (beeps) when there is a 
complete path. A continuity test on individ- 
ual conductors is accomplished by ground- 
ing one end of a conductor and measuring 
continuity to ground at the opposite end 
of the same conductor. See Figure 5-9. To 
perform a continuity test, apply the follow- 
ing procedure: 

1. Connect one conductor to ground with 
a jumper wire that has alligator clips. 

2. At the opposite end of the conductor, 
connect one test lead from the continu- 
ity tester to ground. 

3. Touch the other test lead of the continu- 
ity tester to individual conductors. 

4. The conductor that has a near zero 
reading on the display of the continuity 
tester is the grounded conductor. 


Wiring-Pulling Lubricants 


Wire-pulling lubricants are required for most commercial and 
industrial installations. Wire-pulling lubricants are typically gels 
with a 95% or greater water content and are available in 1 qt, 
1 gal., 5 gal., and 55 gal. containers. Wire-pulling lubricant 
manufacturers usually provide charts, based on the length of 
the pull and diameter of the conduit, to help installers determine 
the amount of lubricant that is required for most installations. 
Typically, more wire-pulling lubricant is required for installations 
that are performed in temperatures of 80°F or higher, have high 
conduit fill rates, have stiff conductor insulation, or consist of 
several bends. Wire-pulling lubricant is applied by hand, brush, 
or pump as the conductor is fed info a conduit or raceway. 
Although wire-pulling lubricants are available in powder form, 
most types used for commercial and industrial installations are 
in gel form. 


154 Commercial and Industrial Wiring 


Figure 5-9. A continuity 
fest is performed on in- 
dividual conductors by 
grounding one end of a 
conductor and measur- 
ing continuity to ground 
at the opposite end. 
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The main advantage of using the con- 
tinuity test mode of a test instrument is 
that an audible response is sometimes 
more desirable than reading a resistance 
measurement. An audible response allows 
the installer to concentrate on the testing 
procedures without viewing the display. 
The main disadvantage of using a conti- 
nuity tester is that continuity testers only 
indicate continuity by sound on a circuit 
or device. Continuity testers only operate 
with circuits that have very low resistance 
(typically 40 Q or lower) and may not in- 
dicate the actual resistance measurement 
of the circuit or device that is tested. 


Conductor Connections 


Electrical connections are required in most 
electrical circuits. Solderless connections 
are normally used in electrical circuits to 
connect conductors. A solderless connec- 
lion is a connection that joins conductors 
without using heat to make a strong 
electrical and mechanical connection. 


Solderless connections must be electrically 
and mechanically strong. Strong electrical 
connections have low resistance. Strong me- 
chanical connections do not open and cause 
a power loss or possible damage that can be 
caused if a hot conductor contacts another 
part of the circuit or a person. Contacting 
another part of the circuit can cause a spark 
that could cause a fire or damage additional 
components and devices. A high-resistance 
connection is a connection that has a large 
amount of resistance in a circuit. High- 
resistance connections between conductors 
must be avoided as they can produce ex- 
cessive heat and result in fires or damage 
to equipment. 


Terminal Screws. Terminal screws are 
used to connect conductors to electrical 
components and devices, such as switches 
and receptacles. A terminal screw completes 
the connection between the current-carrying 
conductor and the component or device that 
it must be connected to. See Figure 5-10. To 
make a terminal screw connection, apply the 
following procedure: 
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erminal Screw Connections . 


USE NEEDLE NOSE PLIERS 


TO FORM A 34" LOOP 


(3) CONNECT CONDUCTOR TO 
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SCREWDRIVER AS REQUIRED 


INCORRECT 


= 


34" LOOP 


Figure 5-10. Terminal screws are used to connect conductors to many electrical de- 


vices, such as switches and receptacles. 


1. Strip 34” of insulation from the conductor 
ends. 

2. Use needle nose pliers to form a loop in 
the stripped conductor. Bend the bare 
conductor portion around the jaws of the 
pliers to form a loop. 

3. Connect conductor to terminal screw 
by looping the end around the terminal 
screw in the direction the screw tightens 
(normally clockwise). As the conductor is 
tightened, the conductor is forced under 
the screw head and clamps. A terminal 
screw that is not tight, or a conductor that 
is not properly attached, is likely to cause 
problems such as high-heat connections 
or malfunctions in the equipment it is 
connected to. Torque screwdrivers can 
be required for certain industrial and 
commercial installations. 


Twist-On Wire Connectors. A twist-on wire 
connector is a solderless plastic connector 
that uses a tapered metal coil spring to twist 
conductors together. Twist-on wire connec- 
tors are commonly used to connect wire 
sizes 22 AWG through 8 AWG. See Figure 
5-11. To make a terminal connection using a 
twist-on wire connector, apply the following 
procedure: 

1. Turn off the power supply before install- 
ing new connectors or removing existing 
connectors. 

2. Remove enough insulation (normally 12”) 
from the conductor for the connector to 
cover the bare conductor. 


3. Place the conductors inside the wire 
connector and tighten clockwise. The 
conductors engage a spiral coil that draws 
them in and twists them together. 
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It is not necessary to twist conductors 
together prior to inserting them into a wire 
connector. Allowing the wire connector to 
twist the conductors together rather than 
twisting them prior to insertion may produce 
a stronger connection. All wire connectors 
have a listing of what size and number of 
conductors that they can safely connect. This 
listing is normally located on the manufac- 
turer's packaging. Manufacturers color code 
their wire connectors by size. 


Twist-on wire connectors with silicone 
sealant are available for outdoor and 
underground applications and do nof 
need to be covered with waterproof 
tape. 


Twist-On Wire Connectors 
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Figure 5-11. Twist-on wire connectors are solderless plastic connectors 
that are commonly used to connect wire sizes 22 AWG through 8 AWG. 


Wire Splices. Wire splices were used to 
connect two conductors together to make a 
good mechanical and electrical connection. 
The conductors are twisted together and then 
taped, soldered and taped, or connected by a 
solderless connection. Today splices are rarely 
used, but technicians should be aware of thern. 
Types of splices include the pigtail splice, 
tap splice, knotted tap splice, Western Union 
splice, and fixture splice. See Figure 5-12. 
Pigtail Splices. A pigtail splice is a splice that 
joins two or more conductors in which ends 
are stripped of insulation and twisted together. 
A wire connector is normally placed over a 
pigtail splice. Conductors must be twisted 
together and not just one conductor wrapped 
around another. 


Tap Splices. A tap splice is a splice that 
connects two conductors together when one 
conductor is to remain unbroken. A knotted 
tap splice is a tap splice with a knot made in 
the splice to increase the mechanical strength 
of the splice. Because a wire connector cannot 
be placed on tap splices, the splice must be 
either taped or soldered and taped. 


Western Union Splices. A Western Union 
splice is an electrical connection used where 
the connection must be strong enough to 
support long lengths of heavy conductors. A 
Western Union splice got its name because 
it was the standard splice used to repair tele- 
graph wire. A wire connector cannot be placed 
on a Western Union splice, so the splice is 
taped or soldered and taped. 


Fixture Splices. A fixture splice is a splice 
that connects two conductors in which one 
of the conductors is smaller than the other, 
or one conductor is stranded and the other is 
solid. The smaller (or stranded) conductor is 
wrapped around the larger (or solid) conduc- 
tor. The larger (or solid) conductor is bent back 
over the smaller conductor. For extra strength, 
the smaller conductor can be wrapped a few 
extra times after the solid conductor is bent 
over the smaller conductor. A wire connec- 
tor is normally placed over a fixture splice. 
However, the fixture splice may first have to 
be soldered if the connection is loose. 


Wire Splices 
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Electrical equipment can vibrate at 
sixty cycles per second. Failure to 
meet torque specifications for ter- 
mination points can result in loose 
terminal connections, high resistance 
producing heat, and erratic operation 
of equipment. Overtightened termi- 
nals can cause conductors to break 
away from terminals after long-term 
exposure to vibration. Verify that 
splices and terminations are electri- 
cally and mechanically sound to help 
minimize future electrical problems. 


Pressure Connections. Pressure connec- 
tions are used for connecting conductors 
size 8 AWG and larger together. Pressure 
connections include split bolt and screw 
pressure connectors. See Figure 5-13. 
Pressure connections are used for making 
straight, tap, or terminal connections. The 
conductor ends are stripped, placed in 
the connector, and the nut (or screw) is 
tightened. Except when used on grounding 
conductors, the connection is then wrapped 
with several layers of electrical tape. The 
tape should be wrapped to at least the same 
thickness as the original insulation. 


Figure 5-12. Though 
rarely used now, wire 
splices have been 
used to connect two 
conductors together 
to make a good me- 
chanical and electrical 
connection. 
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applications. Crimped connections offer 


~ Pressure Connections excellent mechanical strength, quick 
termination, and result in low-resistance 
PRESSURE connections. Approximately 1⁄2” to 94" of 
SONAT CTION WATER insulation is stripped off the conductors 
METER to be terminated. After the crimp is made, 
the technician must inspect the crimp for 
PRESSURE mechanical integrity and proper applica- 
БЫЧ ЕСШ tion. See Figure 5-15. 
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tion purposes. Once the exact length 
of a conductor is determined, it should 
be cuf accordingly. Conductors must 
be routed neatly inside the cabinet, 
and the final installation must display 
work that has been completed in a 
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Figure 5-13. Pressure connections are used for connecting conductors 
size 8 AWG and larger together. ВЕ г 
FEMALE BULLET MALE BULLET 
Crimped Connections. A crimped con- 
nection is a connection in which a stranded 
conductor is mechanically crimped to a ва 
connector. With а crimped connection, а CLOSED END FEMALE COUPLER 
stranded conductor is placed within a spe- 
cially designed connector and a specialized кз Mmm 
crimping tool is used to apply pressure to MALE COUPLER BARREL* 
the outside of the connector, resulting in 
an electrically and mechanically sound quum ш» e] 
connection. Crimp connectors are typically 


composed of copper with a tin coating. NARROW TONGUE 
Different styles of crimp connectors are 
available for industrial and commercial 


applications. See Figure 5-14. Crimped figure 5-14. Different styles of crimp con- 


connections are the most common ter-  nectors are available for industrial and 
minations 1n commercial and industrial commercial applications. 
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CABLES 


A cable is a factory assembly of two or more 
conductors having an overall covering. 
Several types of cables are manufactured 
for specific applications. A cable has one 
or more insulated conductors usually cov- 
ered with a protective jacket. Cable types 
used in commercial and industrial wiring 
applications include armored, metal-clad, 
nonmetallic-sheathed, mineral-insulated, 
tray cable, service-entrance, underground 
feeder and branch-circuit, low-voltage, and 
medium-voltage. 


Armored Cables 


An armored cable (AC) is a cable that is a 
fabricated assembly of insulated conductors 
in a flexible metal enclosure. Armored cable 
is commonly referred to as “ВХ” and is used 
extensively in commercial and industrial 
applications. Armored cable is available 
with two to four copper conductors from 


AFTER CRIMPING 


14 AWG through 1 AWG and with two to 
four aluminum conductors from 12 AWG 
through 1 AWG. See Figure 5-16. 
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Figure 5-15. With a crimped 
connection, a stranded 
conductor is placed with- 
in a specially designed 
connector and a spe- 
cialized crimping tool is 
used to apply pressure 
to the outside of the 
connector. 


Figure 5-16. Armored cable (AC) is a fabricated cable assembly of 
insulated conductors in a flexible metal enclosure. 
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Per the standard UL 4, armored cable can 
be manufactured with no more than 4 current- 
carrying conductors (plus a bare bonding 
conductor, for a total of 5 conductors) and 
no larger than AWG 1. Armored cable in- 
sulation is rated at 600 V or less. Armored 
cable cannot be used where it is subject to 
physical damage but can be used in exposed 
and concealed work, in cable trays, and in 
dry locations. Armored cable can also be 
embedded in plaster finish, on brick or other 
masonry (except in damp or wet locations), 
in air voids of masonry block, or tile walls 
(concealed walls not exposed or subject to 
excessive moisture or dampness). Per the 
NEC®, armored cable cannot be used where 
itis exposed to corrosive fumes or vapors, or 
in damp or wet locations. See Figure 5-17. 

An equipment grounding conductor 
(EGC) is an electrical conductor used to 
connect non-current-carrying metal parts 
of equipment or enclosures to the system 
grounding conductor or grounding elec- 
trode. The flexible metal covering (armor) 
of armored cable is recognized by the NEC® 
as an EGC. A bare bonding conductor alone 
is not an EGC. The combination of the bare 
bonding conductor and the flexible metal 
armor provides the best grounding path. An 
antishort bushing is a plastic or heavy card- 
board device used to protect the conductors 
in armored cable. An antishort bushing must 
be installed at the end of the metal armor to 
prevent the metal armor from damaging con- 
ductor insulation. When properly installed, an 
antishort bushing is visible. 


ARMORED CABLE APPLICATIONS 


ше 


Care must be taken when cutting armored 
cable so as not to damage the conductors on 
the inside. Although cutting tools are avail- 
able to cut armored cable, most installers use 
a hacksaw. See Figure 5-18. To cut armored 
cable with a hacksaw, apply the following 
procedure: 

]. Place hacksaw blade against armor cable 
at a 45? angle 6" to 8" from an end. 

2. Cut cable with hacksaw until almost 
completely through the armor jacket. 

3. Bend cable back and forth until armor 
breaks. 

Note: To avoid damage to conductor 
insulation, care must be taken to not cut too 
deeply into the jacket of the cable. 


^. Cutting Armored Cable — 
`. Hacksaw 


CUT CABLE AT 45° ANGLE 


Dry locations (concealed or exposed), cable trays, along brick 
or masonry walls, behind plaster, tile, drywall, or in air voids of 
masonry biock walls not subject to moisture or dampness 


Acceptable use 


CONVOLUTION 


FLEX CABLE 
UNTIL CABLE BREAKS 


Damp locations, wet locations, corrosive vapor or fume exposure, 
in air voids of masonry block or tile wails subject to excessive 
moisture or dampness, or embedded in plaster finish on brick or 
masonry surfaces 


Unacceptable use 


Figure 5-18. A hacksaw must cut across one 
| of the convolutions of an armored cable 
Figure 5-17. Acceptable uses for armored cable include dry locations at a 45° angle for the cable to separate 
and behind or along masonry and brick walls, properly. 


Metal-Clad Cables 


A metal-clad (MC) cable is a cable assem- 

` bly of one or more electrical conductors, 
with or without fiber-optic members, and 
enclosed in an armor of interlocking, 
smooth, or corrugated metal sheath. MC 
cable resembles armored cable in appear- 
ance but is constructed differently and is 
used for different applications. MC cable 
is available with an interlocking metallic 
sheath (similar to AC), corrugated metallic 
sheath, or smooth metallic sheath. See 
Figure 5-19. Unlike AC cable, MC ca- 
ble has no bonding conductor running 
throughout its length. For this reason, 
the metal-clad sheath on the interlocking 
armor type cable cannot be used as an 
EGC. MC cables have a separate insulated 
conductor as the EGC within the cable. 
MC cables have two or more copper, alu- 
minum, or copper-clad aluminum (solid 
or stranded) conductors size 18 AWG and 
larger. MC cable is manufactured to the 
standard UL 1569. 

MC cable is used for service lines 
and feeder, branch, power, lighting, con- 
trol, and signal circuits. It can be used 
indoors or outdoors and where exposed 
or concealed. If jacketed and marked for 
the specific use, MC cable can be direct 
buried, used in sunlight, or placed in cable 
trays. MC cable can be used in any race- 
way, as open runs of cable, or as aerial 
cable on a messenger wire. À messenger 
wire is a separate wire used to support 
insulated conductors or cables. It also has 
specific requirements for use in hazardous 
(classified) locations. As with AC cable, 
MC cable can be used in dry locations 
embedded in plaster finish or on brick or 
other masonry. 


An armored-cable cutter can be 
used to cut flexible armor. Place the 
cable securely in fhe fool and crank 
the handle several times. Break the 
excess armor away and install an 
anti-short bushing. 
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Metal-Clad (MC) Cables 


DAMM 


Ü 


INTERLOCKING METALLIC SHEATH 


SMOOTH METALLIC SHEATH 


Figure 5-19. Metal-clad (MC) cable is available with an interlocking 
metallic sheath, corrugated metallic sheath, or smooth metallic 
sheath. 


MC cable can be used in wet locations if 
the metallic covering is impervious to mois- 
ture, if a lead sheath or moisture-impervious 
jacket is provided under the metal covering, 
or if the insulated conductors under the 
metallic covering are listed for use in wet 
locations. MC single-conductor cables must 
be grouped together to minimize induced 
voltage on the sheath and the effects of 
inductive heating. Per the NEC®, antishort 
bushings are not required for MC cable, 
though they are generally recommended 
by the manufacturer and supplied with the 
cable when purchased. 


Nonmetallic-Sheathed Cables 


A nonmetallic-sheathed cable is an assembly 
of two or more insulated conductors with 
an outer sheathing of moisture-resistant, 
flame-retardant, nonmetallic material. See 
Figure 5-20. Nonmetallic-sheathed cable 
is often referred to as Romex®, a registered 
trade name of the Southwire Company, and 
is listed for use as Type NM, Type NMC, 
and Type NMS. The letters NM and NMC 
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indicate the type of nonmetallic cable and 
its characteristics. Per the NEC?, both NM 
and NMC cables are flame retardant and 
moisture resistant. Type NMC is also cor- 
rosion resistant and fungus resistant. 


» 
* 


Nonmetalitc-Sheathed Cables 


WHITE WIRE 


PLASTIC JACKET 


GROUND WIRE 
(CAN BE GREEN BLACK WIRE 
OR BARE) 


Figure 5-20. A nonmetallic-sheathed cable is an assembly of two or 
more insulated conductors with a jacket of moisture-resistant, flame- 
retardant, and nonmetallic material. 


Either NM or NMC cables can be run 
exposed or concealed; however, NMC 
is used where exposure to moisture is 
expected. Usually NM cable is used with 
wood construction and NMC cable is used 
in masonry blocks or tile walls. Neither 
type of cable can be imbedded in concrete 
driveways, walls, or sidewalks. The letters 
WITH GR (with ground) indicate that a 
separate grounding conductor is present. 
If the cable does not clearly specify WITH 
GR, it does not contain a grounding con- 
ductor. Nonmetallic-sheathed cable can be 
used in some light commercial applications 
but is rarely used in heavy commercial or 
industrial applications because it cannot 
be used above suspended ceilings or in 
air-handling spaces. 

Type NMS cable is not listed for open 
runs above suspended ceilings. Cable runs 
that do not have additional protection and 
are located in areas that are accessible 
after construction is complete, such as 
in a dropped or suspended ceiling, are 
considered open runs. Wiring above such 
ceilings is considered accessible after 
construction, even though the conductors 


are not visible without having to remove 
ceiling tiles. The insulated power conduc- 
tors of NM, NMC, and NMS cables are 
required to have insulation rated for 90*C. 
Type NM cable is listed for dry locations 
only. Type NMC cable is a corrosion-re- 
sistant cable that is also listed for damp 
locations. 

Though not required by the NEC?, Type 
NM cable is available with color-coded 
jackets used to indicate different AWG 
sizes. Color-coding the jackets facilitates 
both installation and inspection. Typical 
jacket color codes are white for 14 AWG, 
yellow for 12 AWG, orange for 10 AWG, 
and black for 8 AWG and 6 AWG. 


Mineral-Insulated Cables 


A mineral-insulated (MI) cable is a cable 
that consists of conductors surrounded by 
magnesium oxide (MgO) insulation and 
enclosed in a smooth copper sheath. See 
Figure 5-21. The copper sheath is used 
as an EGC. Stainless steel is sometimes 
used for the sheath instead of copper. A 
stainless steel sheath cannot be used as 
an EGC. A separate EGC is required. A 
nonmetallic jacket can enclose a copper 
or stainless steel metal sheath providing 
additional physical protection in certain 
environments. 

Mineral-insulated cables are rat- 
ed at 600 V and are available as 
single-conductor to seven-conductor 
cables. Single-conductor cables are avail- 
able from 16 AWG to 500 kcmil. Two- and 
three-conductor cables are available from 
16 AWG to 4 AWG. Four-conductor cable 
is available from 16 AWG to 6 AWG. 
Seven-conductor cables are available with 
individual conductor sizes from 16 AWG 
to 10 AWG. 


Because the outside diameter of 
mineral-insulated cable is small and 
its color is unobtrusive, it is offen used 
where visible mounting on a wall is 
required. 


Mineral-insulated cable can be used 
for power and control circuits up to 
600 V, including service lines, feeder 
and branch circuits, and in exposed or 
concealed locations. Mineral-insulated 
cable can be installed in dry and wet 
locations including in plaster, masonry, 
ог concrete, and underground. Because 
of its sheath, MI cables can be installed 
without the use of conduit and related 
fittings. Mineral-insulated cables are 
permitted in any hazardous (classified) 
location as long as the sheath is not 
damaged. 

MI cable is particularly durable and 
resistant to moisture, impacts, and fire, 
so it is often used for critical electrical 
systems such as fire alarms, emergen- 
cy lighting, and exit sign circuits. Fire 
pumps, sprinkler system monitoring 
systems, smoke dampers and ventilating 
fans, and voice communication systems 
must be kept operating for a sufficient 
amount of time for persons to exit the 
building. These circuits must be capable 
of continuing to supply emergency power 
under conditions of intense heat and large 
amounts of water. Per the NEC®, there 
are specific wiring requirements regard- 
ing such circuits. Conductors must be 
located in nonflexible metal raceways or 
composed of MI cable. Other commercial 
and industrial applications for MI cable 
include the following: 


* hospitals 

* hotels 

* high-rise buildings for emergency 
generators 

e electric heaters for boilers, tanks, and 
furnaces 

• metal and steel processing equipment 

* lumber kilns 

• marine applications 

• outdoor applications with exposure to 
extreme changes in temperature 

• industrial freezers 

* nuclear power plants 

* chemical plants 

* chemical pipelines 
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Mineral-Insulated (MI) Cables 
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Figure 5-21. Mineral-insulated cables have conductors insulated with 
compressed magnesium oxide and enclosed in а smooth copper 


sheath. 


Applications where MI cable cannot be 
used include underground runs where the 
cable is not protected from physical dam- 
age, and in areas where the environment is 
corrosive to the metallic sheath. The use 
of MI cable with a stainless steel sheath or 
nonmetallic jacket allows extra protection 
for use of MI cables in certain environ- 
ments. A color-coded nonmetallic jacket 
can also be used for identification purposes. 


Tray Cables 


A tray cable (TC) is a cable that consists of 
two or more insulated conductors enclosed 
in a flame-retardant, nonmetallic jacket 
and is used for installation in cable trays 
or raceways. See Figure 5-22. Tray cables 
may or may not have a bare or covered 
EGC and can be supported by а messenger 
wire. Tray cable conductors are available 
from 18 AWG through 1000 kcmil copper. 
Aluminum and copper-clad aluminum 
conductors used in TC cables range in size 
from 12 AWG through 1000 kcmil. 

Tray cables are used for industrial and 
commercial applications such as for power, 
control, lighting, traffic control signals, re- 
lays, telemetering, and underground burial, 
and in installations where exposure to direct 
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Figure 5-22. Tray cables 
have two or more insulat- 
ed conductors enclosed 
in a flame-retardant, 
nonmetallic jacket and 
are used for installation in 
cable trays or raceways. 


sunlight is possible. Per the NEC?, when 
TC is continuously supported and protected 
against physical damage using mechanical 
protection (such as struts, angles, or chan- 
nel), cable must be secured at intervals not 
exceeding 1.8 m (6^), must comply with 
the crush and impact requirements of MC 
cable, and must be identified for such use. 


„х пау Cables (TC) 


Service-Entrance Cables 


A service-entrance (SE, USE) cable is a 
multiconductor cable with or without an 
overall covering. See Figure 5-23. A service 
entrance is a location for the entry of utilities 
into a structure. Type SE and USE cables are 
used primarily for supplying power from the 
utility service to the meter and from the meter 
to the panelboard in residential and light com- 
mercial applications. Because SE cable has 
resistance to ultraviolet rays, it is suitable for 
aboveground installations. A service lateral 
is any service to a structure that is achieved 
by burying the conductors underground. Type 
USE cable has a moisture-resistant covering, 
is suitable for underground direct burial in 
the earth, and can be used as a service lateral. 
Type USE cable, unlike SE cable, does not 
have a flame-retardant jacket and is unsafe 
to install in a structure. 

Service-entrance cables can be used 
instead of routing individual conductors 
through conduit. Service-entrance cables 
have a bare conductor that is helically 


wound around insulated conductors. А he- 
lical winding prevents tampering with the 
conductors ahead of the utility meter and is 
also used as a neutral conductor. No special 
tools are required to install service-entrance 
cables. Underground service-entrance ca- 
ble installation is restricted to maximum 
lengths of 6' after it enters a building. 

Another type of SE cable is submersible 
pump cable. Submersible pump cable is 
a multiconductor cable containing two to 
four conductors used in well casings. Sub- 
mersible pump cable can also be marked as 
“pump cable" on its insulation. Submersible 
pump cable has a tag affixed to it that states 
*FOR USE WITHIN THE WELL CASING 
FOR WIRING DEEP WELL WATER 
PUMPS WHERE THE CABLE IS NOT 
SUBJECT TO REPETITIVE HANDLING 
CAUSED BY FREQUENT SERVICING 
OF THE PUMP UNITS.” When submers- 
ible water cable for submersible pump 
applications is installed, the NEC? permits 
direct burial of the cable. 


Underground Feeder and Branch- 
Circuit Cables 

An underground feeder and branch-circuit 
(UF) cable is a cable that has a moisture- 
resistant jacket and is listed for direct burial 
in the earth. Type UF cable is constructed 
with THWN conductor insulation and 
bound in a PVC outer jacket, which makes 
it suitable for wet locations such as direct 
burial. Type UF cable can also be installed 
in cable trays. See Figure 5-24. Type UF 
cable is typically used with outdoor loads 
such as pumps and lighting. Type UF cable 
can also be used for the same applications 
as NM cable. Type UF cable is resistant to 
moisture, fungus, and corrosive materials, and 
can replace NMC cable in damp locations. 


Low-Voltage Cables 


А low-voltage cable is a cable that can be 
single-conductor or multiconductor and is 
rated from ОУ to 600 V. Low-voltage cables 
are used in industrial and commercial appli- 
cations for power, lighting, control, signal, 


and communication circuits. Low-voltage 
cables can be installed indoors, outdoors, in 
cable trays, in raceways, direct buried, or as 
part of a messenger system (in outdoor loca- 
tions). Low-voltage cables are composed of 
bare stranded copper conductors, conductor 
insulation, and a moisture-resistant PVC 
jacket. Low-voltage cable can be types TC, 
MC, SE, or USE. See Figure 5-25. 


Medium-Voltage Cables 

A medium-voltage (MV) cable is a cable 
that can be single-conductor or multi- 
conductor and is rated from 2001 V to 
35,000 V. Because of higher operating voltag- 
es, MV cables are typically constructed dif- 
ferently than low-voltage cables. See Figure 
5-26. Type MV cables have a solid dielectric 
insulation and a conductor shield surrounding 
the conductor. A conductor shield is a non- 
magnetic material used to even out dielectric 


Service-Entrance (SE, USE) Cables 
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TAPE 
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Chapter 5— Conductors and Cables 


stresses around the conductor. An insulation 
shield is a nonmagnetic metallic material 
applied over insulated conductor(s) to confine 
the electric field to the insulation. A bare cop- 
per shield surrounds the insulation shield, is 
typically grounded at each end, and grounded 
at splices to reduce shock hazards. 
Medium-voltage cables are used in in- 
dustrial and commercial applications such 
as feeder and branch circuits for elec- 
tric utility service, in wet, damp, or dry 
locations, in raceways, in underground 
ducts, direct buried, and in messenger sys- 
tems in industrial and commercial utilities. 
Medium-voltage cables are available with 
additional insulation for use in marine and 
Class I, II, and III Division 1 and 2 locations. 
Because of their unique construction and 
voltage ratings, medium-voltage cables must 
only be terminated by following the manu- 
facturer's specific instructions. This typically 
involves the use of specialized electrical tapes 
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Figure 5-23. Service- 
entrance cables are 
used to supply power 
from the utility service 
to the meter and from 
the meter to the 
panelboard in residen- 
tia! and light commer- 
cial applications. 


Figure 5-24. Underground 
feeder and branch- 
circuit cable is construct- 
ed with THWN conductor 
insulation and bound in 
a PVC jacket. 
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Figure 5-25. A low-voltage cable is a cable that can be single- 
conductor or multiconductor and is rated from О V to 600 V. 


. * Medium-Voltage (MV) Cables 
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Figure 5-26. A medium-voltage cable is a cable that can be single- 
conductor or multiconductor and has insulation ratings from 
2001 V to 35,000 V. 


Access Code: 249878 


and other components. Procedural require- 
ments may include grounding the copper 
shield, chamfering the insulation to reduce 
voltage stress, and taping the conductors to 
prevent air pockets where ionizing air can 
deteriorate the insulation. Special training is 
generally required to make medium voltage 
cable splices and terminations. 


SUMMARY 


Conductors are used to carry electrical 
current to various loads in a distribution sys- 
tem. Technicians must know the difference 
between the types and classifications of 
conductors, be able to select conductors for 
installation based on factors such as ampacity 
and voltage drop, and must be able to splice 
and terminate various types of conductors. 

Conductors can be copper, aluminum, 
or copper-clad aluminum. The ampacity of 
a conductor is the amount of current it can 
safely carry based on its conditions of use. 
Voltage drop along a conductor occurs when 
current flows through the conductor and 
should not exceed 3% in a branch circuit or 
feeder, or 596 combined total voltage drop for 
both. Various methods are used to terminate 
or splice a conductor depending upon the 
application. Different types of solderless 
connectors are used to splice conductors 
together. For smaller conductor sizes, a wire 
nut can be used. Crimped connections are 
made because of good mechanical strength 
and ease of application. 

Different types of cables are used in 
commercial and industrial installations. 
Armored cables, metal-clad cables, and 
mineral-insulated cables have metallic 
outer protective coverings. Other types of 
cables commonly used include tray cables, 
service-entrance cables, underground feeder 
and branch-circuit cables, low-voltage cables, 
and medium-voltage cables. 
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Conductors and Cables 


Review Questions 


Name UNES SC — 2. Ddle 


Multiple Choice 


1. A(n) isa test instrument that tests for a complete path for current to flow. 
A. ammeter 
B. continuity tester 
C. voltmeter 
D. insulation multimeter (IMM) 


2. A splice connects two conductors in which one of the conductors is smaller than the 
other, or one conductor is stranded and the other is solid. 
A. fixture 


B. knotted tap 
C. pigtail 
D. Western Union 


3. A(n)__ cable is a multiconductor electrical assembly with or without an overall covering. 
A. nonmetallic-sheathed 
B. service-entrance 
C. tray 
D. uncovered 


4. Insulation resistance tests can be performed with ___ or megohmmeters. 
A. continuity testers 
B. insulation analyzers 
C. insulation multimeters (IMMs) 
D. voltmeters 


5. A isa solderless plastic connector that uses a tapered metal coil spring to twist 
conductors together. 
A. cable tie 


B. crimp connector 
C. heat-shrink tube 
D. twist-on wire connector 


6. The material with the best conductive properties is — . 
A. aluminum (Al) 
B. copper (Cu) 
C. magnesium oxide (MgO) 
D. polyvinyl chloride (PVC) 
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7: 


10. 


LE 


12. 


13. 


Cables and conductors should be tested and maintained ona, testing cycle at minimum. 
A. half-year 
B. yearly 
C. two-year 
D. three-year 


. An insulation resistance test is performed by applying V or more between the 


conductor and ground. 
A. 120 
B. 208 
C. 460 
D. 500 


. Fish tape is supplied. in lengths of 50’, 100’, 200”. 


A. in a bundle 
B. on a reel 
C. in a box 

D. loose 


The most widely used type of conductor materialis — . 
A. aluminum (Al) 
B. copper (Cu) 
C. gold (Au) 
D. silver (Ag) 


A ___ splice is an electrical connection used where the connection must be strong 
enough to support long lengths of heavy conductors. 

A. fixture 

B. pigtail 

C. standard tap 

D. Western Union 


A ___ is an electricity-conducting connection of a circuit or equipment used for the 
connection of an external conductor. 

A. pigtail 

B. receptacle 

C. terminal 

D. wire nut 


A(n) X cable is a fabricated assembly of insulated conductors іп a flexible metal 
enclosure. 

A. armored 

B. metal-clad 

C. mineral-insulated 

D. tray 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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A(n) ___ AWG conductor is bigger than a 12 AWG conductor. 
A. 6 


B. 14 
Crile 
D. 18 


Resistance is measured in . 
A. amps (A) 
B. ohms (Q) 
C. volts (V) 
D. watts (W) 


The NEC? provides ampacity adjustment factors for single raceways containing more 
than  current-carrying conductors. 

A. one 

B. two 

C. three 

D. four 


When possible, conductors should be fed — . 
A. downward 


B. upward 
C. horizontally 
D. with at least two bends 


Twist-on wire connectors are commonly used to connect wire with AWG sizes... 
A. 2 through 10 


B. 10 through 12 
C. 10 through 32 
D. 8 through 22 


Approximately ___ of insulation is stripped off the conductors to be terminated when 
making crimped connections. 

A. V2" to 34" 

B. 34" to 12" 

Cie to 194^ 

D.2" t02/9 


A |. isacable that consists of two or more insulated conductors enclosed in a flame- 
retardant, nonmetallic jacket and is used for installation in cable trays or raceways. 
A. mineral-insulated (MI) cable 
B. tray cable (TC) 
C. metal-clad (MC) cable 
D. service-entrance (SE, USE) cable 


170 Commercial and Industrial Wiring 


Completion 


A(n) connection joins conductors without using heat to make a strong electrical 
and mechanical connection. 


cable has two to four conductors and is used in well casings. 


16. 


17: 
18. 
19. 
20. 


21. 


A(n)  isaself-adhesive label affixed to a conductor prior to the point where insulation 
is stripped and provides a unique numeric or alphanumeric identifier for that specific 
conductor. 


Type _ insulation can be installed in both wet and dry locations. 


A(n)____ is aplastic or heavy cardboard device used to protect the conductors in armored 
cable. 


A(n) is a location for the entry of utilities into a structure. 


connections are the most common terminations in commercial and industrial 
applications. 


А cable must be used in concealed locations such as embedded in plaster finish or in 


air voids in masonry block. 


A(n) . conductor is covered with a material that is not recognized by the NEC®. 


‚ _ Cables have conductors insulated with highly compressed magnesium oxide enclosed 


in a smooth copper sheath. 


A(n). is any service to a structure that is achieved by burying the conductors 
underground. 


. A(n)___ cable can be single-conductor or multiconductor and is rated from 0 V to 600 V. 


. In addition to nonflexible metallic raceways, Type —— cable is required by the NEC? 


for installation of emergency power circuits. 


. Conductor is a measure of current-carrying capacity. 


A(n) ___ can be applied to conductors to help route them through lengths of conduit 
with several bends. 


A(n) is used to connect non-current-carrying metal parts of equipment or enclosures 
to the system grounded conductor or grounding electrode. 


A(n) | is an enclosed channel for routing and placing electrical conductors and cables. 
A(n) X is a tube or pipe used to support and protect electrical conductors. 
The selection and sizing of a conductor is affected by — . 


Armored cable with 2, 3, or 4 aluminum conductors is available in AWG sizes 1 through 


A(n) tester is a test instrument that measures current that leaks through the insulation 
into ground. 


True-False 


22. 


23. 


24. 
25. 


13. 


14. 
15. 


16. 


ИЙ 


18. 
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___. conductors is performed by attaching one conductor to the fish tape and then 
attaching the second conductor a short distance behind the first connection. 


A(n) screw completes the connection between the current-carrying conductor and 
the component or device that it must be connected to. 


connections are used for making straight, tap, or terminal connections. 


Most installers use a(n) 1 to cut armored cable. 


. When properly installed, an antishort bushing should not be visible. 


Low-voltage cables can be installed as part of a messenger system in outdoor locations. 


When performing a continuity test, the conductor that has a 0.0 Q reading on the display 
of the continuity tester is the grounded conductor. 


An increase in resistance or current flow results in less voltage drop. 
Mineral-insulated cables are rated at 600 V. 


A conductor shield is a nonmagnetic metallic material applied over insulated conductor(s) 
to confine the electric field to the insulation. 


. А messenger wire is a separate wire used to support insulated conductors or cables. 


High-resistance connections result from improper connections between conductors. 


Continuity testers only operate with circuits that have very low resistance (typically 100 © 
or lower). 


Fish tapes can be coated with nylon to increase durability and make pulling conductors 
through conduit easier. 


A bad fuse can have continuity. 


Underground service-entrance cable is restricted to maximum lengths of 8' after it enters 
a building. 


When energized parts of an electrical circuit are exposed, such as where conductors are 
terminated at fuse or circuit breaker panels, the distance, or air gap, is used as the insulator. 


Metal-clad (MC) cable does not have a bonding conductor running throughout its length. 
An insulator is a material with low resistance. 


A medium-voltage cable can be single-conductor or multiconductor and is rated from 
2001 V to 35,000 V. 


Service-entrance cables require the use of special tools for installation. 


The main advantage of using the continuity test mode of a test instrument is that an audible 
response is sometimes more desirable than reading a resistance measurement. 


up Е 19. Aluminum has better conductive properties than copper. 

Ji B 20. Per the NEC®, antishort bushings are recommended but not required for MC cable 
installations. 

T E 21. Type UF cable can also be used for the same applications as NM cable. 

Т Е 22. The NEC? recommends that there be по more than a 5% voltage drop on a branch 


circuit or feeder. 


1 F 23. Itis not recommended to twist conductors together prior to inserting them into a 
wire nut. 
ay F 24. Per the NEC®, conductors must be aluminum, copper-clad aluminum, or copper unless 


otherwise specified. 


T F 25. An insulation shield is a nonmagnetic material used to even out dielectric stresses 
around the conductor. 


Wire Splices 


. Fixture splice 
. Knotted tap splice 
. Pigtail splice 


. Standard tap splice 


тл Aà QU N = 


. Western Union splice 


Crimp Connectors 


Barrel 
Butt 
. Closed end 


. Female bullet 


. Female coupler 


Hook 


Lug 


. Male bullet 


e © nu с tun Ro ш on 


. Male coupler 
г халон оо UNE О О) acum © 


. Ring 


— 
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— 
== 


— 
кә 


. Spade 
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Voltage Drop 


1. What is the voltage drop in a three-phase, 430 V, 8 A, 200' circuit that has size 6 AWG copper conductors? 


2. What is the percentage of voltage drop for this circuit? 


3. Is the voltage drop for this circuit below or above the NEC* recommended voltage drop for branch circuits and 
feeders? | 
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4. What is the voltage drop in a single-phase, 120 V, 6 A, 125' circuit that has size 16 AWG copper conductors? 


5. What is the percentage of voltage drop for this circuit? 


6. Is the voltage drop for this circuit below or above the NEC? recommended voltage drop for branch circuits and 
feeders? 
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7. What is the voltage drop in a three-phase, 208 V, 14 A, 375' circuit that has size 2 AWG aluminum conductors? 


8. What is the percentage of voltage drop for this circuit? 


9. Is the voltage drop for this circuit below or above the МЕС recommended voltage drop for branch circuits and 
feeders? 
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0e Ihe General cheracte 


raceway syslet Ns. 


List and compare the Sirteren] types 
of metal and nonmetallic conduit 


Describe the considerations for cut- 
2 ng ond eredi © condi 


Compare the methods of bending 


metal and nonmetallic conduit. 
List and compare the different types 
of special-purpose raceways, 


Describe the general characteristics 
GAG considerations fer tho use of 
cable tray systems. 


RACEV 


A raceway is an enclosed channel for rout- 
ing and protecting electrical conductors 
and cables. See Figure 6-1. Raceways are 
constructed of either metallic or nonmetallic 
materials. Raceways protect the conductors 
they contain and prevent physical damage. 
Raceways are installed based on raceway 
sizing requirements, the amount of conduc- 
tor fill permitted, inductive heating effects 
of conductors in raceways, and bend radius 
requirements. Properties of metallic and 
nonmetallic materials, project specifications, 
or МЕС® installation requirements determine 
where raceways can be installed. 


Racewav DOT 


Raceways types are classified by material 
composition, shape, flexibility, and lo- 
cations of use. Each type of raceway has 
limitations as to where it can be used. Also, 
each type of raceway has specific support 


ени and conduct 

sated fic IM physic es 
are damaged, ihe Иван of the circuit eid the rd is 
compromised. Ground faults, arcing, short circuits, and fires 
can also occur. The risk of electrical shock increases. 


Raceways provide physical protection for the conductors 
they contain, and with metallic ESANA mey become part 
Of the electical grounding and bonding ckcuit that & used 
to clear ground faults, Conduits are eom raceways that 
provide protection to conductors, Metal raceways can be 
used as the equipment i ee conductor (EGC) in a circuit. 
Cable trays can ово be à link i^ the grounding path should 
a fault occur. By understanding the purpose and function of 
raceways, conduits, cable trays, specific construction char- 
acteristics, and various applications, the proper system can 
be selected, sized, and installed for safe, efficient, long-term 


operation. 


and installation requirements. Metallic 
raceways are typically constructed of either 
galvanized steel or aluminum. Raceway that 
is galvanized has a zinc coating on both the 
interior and exterior surfaces. If a raceway 
is electro-galvanized, then only the outside 
of the conduit has a zinc coating. The in- 
terior surface of either steel or aluminum 
raceways must have a coating or finish to 
allow for pulling of conductors through 
them without physical damage. 

Raceways used for certain special-use 
applications can be constructed of silicon 
bronze or stainless steel. Metal raceways 
can be used as an equipment grounding 
conductor (EGC). The EGC is the circuit 
path used to safely conduct current back to 
the source should electrical current inad- 
vertently flow into the metal of equipment 
enclosures and raceways. Conduit is a tube 
or pipe used to support and protect electrical 
conductors. Several types of raceways are 
categorized as conduit. 
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Figure 6-1. A raceway 
is an enclosed channel 
for routing and placing 
electrical conductors 
and cables. 


” 


Raceways 


INSTALLED 
RACEWAYS 


Polyvinyl chloride (PVC) is a rigid non- 
metallic conduit, thin-walled (Schedule 
40) or thick-walled (Schedule 80), ap- 
proved by the NEC? as a raceway system 
for conductors. Most nonmetallic raceways 
are constructed of PVC. Other nonmetallic 
materials used for raceways include rein- 
forced thermosetting resin conduit (RTRC) 
and high-density polyethylene (HDPE). 
Nonmetallic coatings can also be applied 
as outer jackets to metallic raceways to 
attain certain properties. For example, a 
rigid steel raceway can have a coating of 
PVC applied along its exterior length to 
provide corrosion-resistant characteristics. 
Other raceways have a flexible metal core 
with a liquidtight outer nonmetallic cov- 
ering for use in wet locations. 


Sizing Raceways 

Raceways are sized to be consistent with 
the system that they are installed in. For 
example, if supports for an overhead instal- 
lation run of 1" conduit are sized based on 
the conduit actually being 1" in diameter, 
the supports would not be wide enough to 
support the conduit when installed because 
the actual dimension of each conduit can 
be slightly larger than 1". Supports slightly 
wider than 1” must be used. 


Trade Sizes and Metric Designators. The 
metric system is known as the International 
System of Units (SI). Most of the world 


uses the metric system of measurement to 
express various dimensions. The United 
States typically uses the English system 
of measurement. A trade size is a nominal, 
inch-based designation by the NEC® to be 
used when sizing conduit. A metric desig- 
nator is an SI system number designated by 
the NEC® to be used when sizing conduit. 
In an effort to make the NEC® more widely 
accepted throughout the world, the use of 
metric designators has been added to vari- 
ous editions of the NEC?. 

Technicians working in the United 
States typically express trade size values 
such as 1⁄2, 34, 1, and so on when refer- 
encing conduit sizes. With the SI system, 
values are expressed as 16, 21, 27, and so 
on. Per the NEC®, there is standardization 
between the SI and English systems as 
each trade size has a corresponding met- 
ric designator. Most technicians working 
with conduit use trade size values when 
selecting and installing conduit. Depend- 
ing on project requirements, installers 
must be able to understand both systems. 
See Figure 6-2. 

Note: Trade sizes and metric designators 
are not a precise reflection of conduit size. 


Conduit and cable supports must be 
properly sized for the raceways they are 
designed to support. 


‘METRIC DESIGNATOR 
AND TRADE SIZES 


Metric Designator Trade Size 


94 CONDUIT 


p A 51. 


TRADE-SIZE 34 DOES NOT 
REPRESENT ACTUAL 
CONDUIT DIMENSIONS 


Figure 6-2. Conduit sizes are standard- 
ized between the SI and English systems, 
as each trade size has a corresponding 
metric designator. 


Raceway Conductor Fill 


Conductor fill is the maximum percentage 
of cross-sectional area that can be occupied 
by conductors inside a raceway. Conductors 
are installed in a raceway for physical pro- 
tection. If an attempt is made to install too 
many conductors in a raceway, conductors 
or their insulation could be damaged as they 
are routed (pulled) through the raceway. 
Damage to conductors may not be immedi- 
ately noticeable and conductors may have to 
be removed and replaced from the raceway 
at a later date. Conductor fill for a raceway 
must not be exceeded. 
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A deduction of one conducfor must 
be made when one or more internal 
cable clamps are inside a box. A 
single volume allowance must be 
made based on fhe largest conductor 
in a box. Some box designs have a 
clamping mechanism directly inside 
or outside the box. An allowance is 
not required for box designs with a 
cable connector with its clamping 
mechanism outside the box. 


The number of conductors that can be 
installed in a raceway is dependent on 
their size and type. The NEC? determines 
the maximum conductor fill value for each 
size and type of raceway. Auxiliary gutters 
and wireways are limited to a maximum fill 
rate of 20% of their interior cross-sectional 
area. Conduit has a conductor fill value 
based on the number of conductors in the 
raceway. If only one conductor is installed 
in conduit, the maximum fill rate is 53%. 
If two conductors are installed in conduit, 
the maximum fill rate is 31%. For three 
or more conductors installed in conduit, 
the maximum fill rate is 40%. Annex C of 
the NEC? provides tables for performing 
calculations of conductor fill rates when 
installing same-size conductors in the same 
conduit. See Figure 6-3. To determine con- 
ductor fill rate by referencing Annex C of 
the NEC®, apply the following procedure: 

1. Locate conductor type in “Type” 
column. 

2. Locate conductor size in “Conductor 
Size" column. 

3. Locate total amount of conductors to be 
routed, of the applicable conductor size. 

4. Identify the conduit trade size required for 
the amount of conductors to be routed. 

A conduit nipple is a short piece of thread- 
ed conduit or tubing that does not exceed 
24" in length and is used to connect one box 
or enclosure to another. Installers must be 
familiar with fill ratings regarding conduit 
nipples. Conduit nipples have a maximum 
fill rate of 60% of their cross-sectional area. 
See Figure 6-4. 
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“№ Conductor Fill Calculations 


(2)LOCATE CONDUCTOR — /(A)IDENTIFY CONDUIT SIZE 
SIZE 


CONDUCTORS 
Менн Decignwt (rode Sue» 


ТҮ, 397 736 0401 PTY ГЕ 
Ur uw wu vun 0215 024). m sn 


a e ej ы эв эт [зв Г 
o e| 29 a| or [тот me | ae | ser [з 
[| е [зп че [ә ar 


LOCATE 

CONDUCTOR (3) LOCATE TOTAL AMOUNT OF 

TYPE CONDUCTORS TO BE 
ROUTED, PER AWG SIZE 


Figure 6-3. The NEC? provides appropriate tables for performing calculations of conductor fill rates when installing 
same-size conductors in the same conduit. 


Figure 6-4. Conductor 


X gue ы ш. Jamming is when three conductors are 
fill in a conduit is the Conductor Fill 


pulled through а raceway and one conductor 


Du uPercenage 9 becomes entangled between the other con- 
cross-sectional area that ONE CONDUCTOR-MAXIMUM P i i 

may be occupied by the CONDUCTOR FILL = 53% ductors. See Figure 6-5. When jamming oc- 
conductors. curs, it becomes difficult to pull conductors 


any further through the raceway. Conductor 
damage can result. Jamming can also occur 
TWO CONDUCTOR MAXIMUM when conductor fill limitations are not ex- 

CONDUCTOR FILL = 31% ceeded. Jamming rarely occurs when more 
than three conductors are being pulled into 
a raceway because it is less likely that one 
conductor will slip between more than two 
other conductors. 


THREE CONDUCTOR-MAXIMUM 
CONDUCTOR FILL = 40% 


Raceway Inductive Heating 


Inductive heating is heating that occurs when 
current travels through a conductor and cre- 
CONDUIT NIPPLE-MAXIMUM ates a changi | = 
CONDUCTOR FILL = 60% кис. ae fiki = nea E 
rounding metal. In an AC circuit, a magnetic 

field builds up in one direction around the 


^ (= 
—_—_ —À conductor, then collapses and builds up in the 


opposite direction as current alternates back 


and forth through the conductor. In a 60 Hz 

circuit, this process takes place 120 times per 

second. Electromagnetic induction is when a 

magnetic field produced around a conductor 

induces voltage into the surrounding metal 
raceway as the magnetic field expands and 
collapses. The voltage induced into a metal 
raceway produces circulating current, which 
produces heat. Inductive heating can cause 
problems in a metal raceway, such as damaged 
insulation, overheated equipment, and fires. 

The following three basic methods can be 

used to minimize or eliminate the effects of 

inductive heating in raceways: 

e Nonmetallic raceway can be used. Since 
magnetic fields cannot induce voltage into 
a nonmetallic material, inductive heating 
is eliminated. 

e The magnetic fields around conductors 
can be cancelled. Inductive heating effects 
are minimized by installing all conductors 
of the same circuit (including the neutral) 
in the same raceway. The strength of the 
magnetic fields around conductors of the 
same circuit cancel each other out, mini- 
mizing the overall magnetic field strength 
and minimizing the effects of induction. 
Circulating currents are reduced, mini- 
mizing any heating effects. 

e Paralleled conductors can be used. Par- 
alleled conductors are two or more con- 
ductors that are electrically connected 
at both ends to form a single conductor. 
Paralleled conductors must be of the 
same length, same material, and same 
size, have the same insulation, and have 
the same terminations. See Figure 6-6. 


Tech Tip 


Even if nonmetallic conduit is used 
when installing enclosures, care must 
be taken to minimize inductive heating 
effects at the point where the con- 
ductors enter a metal enclosure. Slots 
in fhe enclosure may need fo be cut 
between the holes where the conduc- 
tors enter fhe enclosure to minimize the 
generation of the circulating current 
that causes inductive heating. 
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CONDUIT WITH BEND 


CONDUCTORS ROUTED 
THROUGH CONDUIT 


JAMMING OCCURS 
AT BEND 


Figure 6-5. Jamming occurs when three conductors are pulled into 
a raceway and one conductor becomes entangled at a raceway 
bend. 


> 
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Paralleled Conductors 


THREE NO. lo Ў p 


CONDUCTORS PARALLEL 
PER PHASE 


- METAL CONDUIT 
TO 360 A 
CONNECTED 
LOAD 


(5) 360 = 120 A/PHASE 


(1) SAME TERMINATIONS 
(2) SAME SIZE 
(3) SAME INSULATION TYPE. 
(4) SAME MATERIALS 

(5) SAME LENGTH 


Figure 6-6. Paralleled conductors are an 
installation method that can reduce the 
effects of inductive heating. 
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Figure 6-7. A bend ra- 
dius is the radius of a 
curve of any bend to the 
centerline of a conduit. 


Raceway Bend Radius 


A bend radius is the radius of a curve of 
any bend to the centerline of a conduit. 
See Figure 6-7. A technician, as required 
for proper installation, bends conduit. Care 
must be taken when installing conduit that 
its bend is not damaged and that the internal 
diameter of the conduit is not effectively 
reduced. The NEC®, for each size and type 
of conduit, establishes bend radius guide- 
lines. Bend radius guidelines ensure that the 
internal diameter of a conduit is maintained 
while performing bending operations. See 
Appendix. 


' t Bend Radius 


CENTERLINE 


BEND RADIUS 
(MEASUREMENT 
TAKEN AT CENTER 
OF BEND) 


7" CONDUIT 


CONDUIT 


The NEC” recognizes many different types 
of raceways for protection and routing of 
conductors. While some are in the form 
of channels, troughs, gutters, or ducts, the 
most common raceways consist of conduit 
or tubing. Conduits are circular raceways, 
have a specific method of designating their 
size, and can be constructed of metal or 
nonmetallic material. Conduits can be used 
in conjunction with other raceways to form 
a system that allows conductors to be routed 
into them after the conduit runs have been 
completed. When the NEC? uses the term 
conduit, it defines only those raceways that 
contain the word "conduit" in their titles. 
However, in common usage, contractors 
and installers also refer to most circular 
raceways as conduit. 


Metal Conduit 

Metal conduit are pipes that are specially 

constructed from metal such as aluminum, 

steel, stainless steel, silicon-bronze, brass, 

and PVC-coated steel. Metal conduit can 

be rigid or flexible. Rigid metal conduit 

types include rigid metal conduit (RMC), 

intermediate metal conduit (IMC), and elec- 

trical metallic tubing (EMT). Flexible metal 

conduit types include flexible metal conduit 

(FMC), flexible metallic tubing (FMT), and 

liquidtight flexible metal conduit (LFMC). 
Per the NEC®, each type of conduit has 

specific construction characteristics and 

installation requirements that make it suit- 

able for use in certain applications. Typical 

installation information (depending on the 

type of conduit) identified in the NEC® 

includes the following: 

uses permitted 

uses not permitted 

dissimilar metals 

size 

number of conductors 

bending 

maximum number of bends per run 

reaming and threading 

securing and supporting 

coupling and connectors 

running threads 

bushings 

splices and taps 

grounding 

construction specifications 


Conduits are typically bundled for 
shipment in groups of 10 pieces. For 
large shipments, these bundles are 
banded onto large skids that can hold 
as many as 50 bundles. Caution must 
be used when breaking these large 
shipping bundles open. Individual 
bundles of conduit can shift and fall, 
damaging the conduit and possibly 
causing severe personal injury. 


Rigid Metal Conduit (RMC). Rigid met- 
al conduit (RMC) is a threadable metal 
pipe with fairly thick walls. Rigid metal 
conduit is available in 10' lengths and has 
a coupling on one end and threads (with 
a protector cap) on the other. See Figure 
6-8. The coupling is used for connection 
to other conduit sections while the thread 
protector cap protects its threads. RMC 
is available in trade sizes of '2 through 6. 
Conduit is smooth on both its inside and 
outside surfaces. Galvanized rigid steel 
conduit is the most commonly used type 
of rigid metal conduit. 

A color-code system for the plastic caps 
is used to indicate the RMC trade size. The 
colored protector caps are blue for trade 
sizes 1, 2, 3, 4, 5, and 6. The caps are black 
for trade sizes 2, 1⁄2, 22, and 3%. The 
caps are red for trade sizes ?4 and 11⁄4. See 
Figure 6-9. In some parts of the country, 
the color code is located on nylon straps 
used to bundle the conduit. 


- Rigid Metal Conduit (RMC) 


COUPLING 


/ 


Ye" TO 6” DIAMETER 
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RMC THREAD PROTECTOR CAPS 


Figure 6-9. RMC thread 
protector caps protect 
the threads and use col- 
or coding to help with 
identification. 


A torpedo level and a straightedge ruler can be used to check offset 


conduit bends. 


THREAD-PROTECTOR 
CAP 


10' LENGTH 


Figure 6-8. Rigid metal conduit (RMC) is available in trade sizes o to 6 with threaded ends. 
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A hacksaw is typically used on the job site to cut sections of conduit 


to the proper size. 


Because of its material properties, 
КМС has many applications. КМС use 
is permitted under all atmospheric con- 
ditions, including wet locations, and in 
all types of occupancies. RMC can be 
installed in corrosive environments, such 
as inside concrete floors and walls, and in 
direct contact with the earth. RMC is coat- 
ed with PVC to allow its use in severely 
corrosive environments such as chemical 
manufacturing facilities and refineries. 
In older installations, RMC typically is 
buried beneath cinder fill. When RMC 
is buried beneath cinder fill, specific re- 
quirements, such as covering the RMC on 
all sides by a layer of noncinder concrete 
2" or more thick, must be met to provide 
protection from the corrosive effects of 
the cinder fill. 

Care must be taken when installing 
RMC to avoid joining dissimilar metals 


such as stainless steel, silicon-bronze, 
and brass to steel or aluminum to prevent 
corrosion at the point where the dissimilar 
metals are joined. However, joining steel to 
aluminum is permissible. Steel conduit can 
be joined to aluminum conduit with either 
steel or aluminum fittings. Steel conduit 
can also be connected to aluminum boxes 
and aluminum conduit can be connected 
to steel boxes without corrosion problems 
because testing has proven that corrosion is 
minimal when joining steel and aluminum 
together. 

RMC must be securely fastened in place 
with supports a minimum of every 10’, and 
secured within 3' of outlet boxes, junction 
boxes, cabinets, and conduit bodies. If 
structural support members do not permit 
fastening within the 3' distance requirement 
away from the box, RMC can be securely 
fastened as far away as 5’. 


Intermediate Metal Conduit (IMC). 
Intermediate metal conduit (IMC) is a 
raceway of circular cross section with an 
intermediate wall thickness designed for 
protection and routing of conductors. IMC 
is manufactured with threads on both ends 
and is available in 10' lengths including 
the coupling on one end. IMC has approx- 
imately the same outside diameter of RMC 
but has a thinner wall, resulting in slightly 
more space inside the conduit as compared 
to the same trade size of RMC. Because of 
the thinner wall, IMC weighs about one- 
third less than КМС and is easier to install. 

While IMC has thinner walls, it offers 
the same amount of physical protection 
to conductors as RMC. IMC is composed 
of a less-ductile grade of steel than RMC, 
which can cause problems when bending 
IMC, such as a split developing on the 
seam of the tube. IMC is available in 
trade sizes V? through 4, with color-coded 
plastic thread protectors used to indicate 
trade size. Thread protector caps on IMC 
are orange for trade sizes 1, 2, 3, and 4, 
yellow for trade sizes V5, 14%, 2%, and 
3%, and green for trade sizes % and 1%. 
See Figure 6-10. 


Bet Intermediate Metal 
*." Conduit (IMC) _ 


| 
| 


O.D. 1.029" 
1.0. 0.863” 
Wall 0.113" Wall 0.083" 


IMC THREAD PROTECTOR CAPS 
посо Sue 


Inch sizes 


Figure 6-10. Intermediate metal conduit 
(IMC) has a thinner wall than RMC and 
has different color-coded thread protec- 
tor caps. 


Electrical Metallic Tubing (EMT). 
Electrical metallic tubing (EMT) is a 
lightweight tubular steel raceway with- 
out threads on the ends. EMT is the 
lightest steel raceway available. EMT 
sections are typically joined together with 
compression or setscrew couplings and 
connectors. See Figure 6-11. 

EMT has a thinner wall than RMC 
or IMC and is sometimes referred to as 
“thinwall.” The walls of EMT are too 
thin to allow threading. Compression or 
setscrew connectors and couplings are 
used with EMT. Some EMT is manufac- 
tured with a belled end and setscrews to 
allow the insertion of another length of 
conduit. EMT is typically made of galva- 
nized steel with corrosion-resistant paint 
on the inside wall but is also available in 
aluminum. EMT is manufactured in 10' 
lengths in trade sizes 12 through 4. See 
Figure 6-12. 
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Electrical Metallic Tubing (ЕМП) 


Ye TO 4 TRADE SIZE 


ENDS NOT 
THREADED 


10’ LENGTH 


N SINE A 


COMPRESSION SETSCREW 
COUPLING COUPLING 


SETSCREW 
CONNECTOR CONNECTOR 


Figure 6-11. Electrical metallic tubing (EMT) is unthreaded thinwall 
tubing. EMT sections are joined together with compression or setscrew 
couplings and connectors. 


Figure 6-12. EMT is manu- 
factured in 10’ lengths in 
trade sizes 2 through 4. 


EMT SIZES 


EMT is the lightest-weight tubular steel 
raceway available for most installations 
and has a large, smooth interior surface 
that makes conductor installation fast and 
efficient. EMT does not require threading, 
bends relatively easily, and can easily be 
redirected during installation. EMT is re- 
quired to be securely fastened in place at 
a minimum of every 10' and must also be 
fastened within 3' of each electrical outlet 
box, junction box, device box, cabinet, 
conduit body, or any other point where the 
EMT run terminates. If the construction 
of the building, such as the location of 
structural members, is such that the EMT 


EMT Support Requirements 


STEEL BAR 
JOISTS 


cannot be fastened to meet the 3' distance 
requirement, then the distance can be in- 
creased to 5’. 

In some installations, EMT can be 
supported every 10’, but is not necessarily 
required to be securely fastened in place. 
For example, steel bar joists are often used 
in commercial and industrial construction 
to provide support for the roof. The design 
of steel bar joists makes it convenient to run 
conduit through them. By laying the EMT 
in the V-section of the steel bar joists, it can 
be supported even though it is not securely 
fastened in place. When supported by steel 
bar joists, EMT must be securely fastened 
within 3’ of the box. See Figure 6-13. 


JUNCTION BOX 


EMT SUPPORTED WITHIN 3’ OF BOX 
(TERMINATION POINT) 


EMT RESTS IN V-SECTION 
OF BAR JOISTS FOR SUPPORT 


Figure 6-13. EMT can be installed without dedicated su ing i 
| pports by placing in t 
v-sections of steel bar joists at distances of 10' or less. К n i 


Per the NEC?, EMT can be used in 
concealed, exposed, or wet locations, with 
some provisions. For example, galvanized 
EMT can be installed in concrete at or above 
grade level. If EMT is installed in concrete 
below grade level, supplementary corrosion 
protection is required. Galvanized steel 
EMT buried directly in the earth normally 
requires supplementary corrosion protec- 
tion. Failure to follow such requirements 
can result in severe corrosion of the EMT. 

Similar to requirements for RMC and 
dissimilar metals, aluminum fittings and 
enclosures are permitted to be used with 
steel EMT if the conduit and installation is 
not subject to severe corrosive conditions. 
Other limitations for installation locations 
of EMT prohibit the use of EMT where it 
is subject to physical damage, and in cin- 
der concrete or cinder fill, unless certain 
installation requirements are met. Instal- 
lation requirements include placing the 
EMT below a layer of 2" thick, noncinder 
concrete or placing the EMT 18" beneath 
the fill. Also, EMT is not allowed in most 
hazardous (classified) locations. EMT is 
not allowed for the support of lighting and 
related equipment. 


Flexible Metal Conduit (FMC). Flexible 
metal conduit (FMC) is a raceway of 
metal strips that are formed into a circular 
cross-sectional raceway. FMC is used in 
applications where some flexibility is re- 
quired or vibration is present. For example, 
to minimize the effects of vibration from 
mechanical equipment, flexible metal 
conduit can be used to attach the race- 
way system to motors and transformers. 
Commonly used trade names for FMC are 
“Greenfield” or “flex.” 

FMC is available in trade sizes 38 
through 4. The % trade size can be used 
for enclosing motor leads between a motor 
junction box and the motor and, in lengths 
not greater than 6', for utilization equip- 
ment or as part of installed equipment. 
A luminaire whip is a raceway with con- 
ductors routed between the outlet box and 
a luminaire. А trade-size % FMC limited 


to 6' in length can be used as a luminaire 

whip. Although FMC is a metal raceway, 

it is not considered to be safe to use as an 

EGC. When installing FMC, a separate 

EGC must be installed. 

Because of its flexibility, support require- 
ments for FMC are more restrictive than 
for nonflexible conduits. See Figure 6-14. 
FMC must be securely fastened within 12" 
of each box, cabinet, conduit body, or point at 
which the FMC terminates. FMC can have no 
more than 360° of bends between connection 
points. All FMC fittings must be listed. FMC 
must be supported and secured at a maximum 
of every 4%/. Exceptions to the 4% support 
requirement include the following: 

e FMC supported every 41%’ or less by 
structural framing members and securely 
fastened within 12” of the box 

e lengths of 6’ or less if used as luminaire 
whips 

e when fished into existing installations 

e lengths of 3’ to 5’ at terminals if used to 
provide flexibility 

e lengths not exceeding 6’ for connections 
to luminaires within accessible ceilings 


FMC is permitted in exposed and con- 
cealed locations. Per the NEC®, FMC is not 
permitted in the following locations: 

e wet locations 

e most hoistways 

e storage battery rooms 

e hazardous locations (except Class I, 

Division ЇЇ) 

e where exposed to oil or gasoline 
products 

e underground or embedded in concrete 

e subject to physical damage 


Because FMC is used in applications 
that are subject to vibration and 
strain, devices such as strain-relief 
grips are used for connection to 
motors and enclosures to prevent the 
FMC from prematurely pulling out of 
the connection. 
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Figure 6-14. Flexible met- 
al conduit (FMC) is of- 
ten used because of its 
flexibility, but has more 
stringent support require- 
ments than RMC. 


а^. Flexible Metal 
* * Conduit (FMC) 


m FMC SHALL BE SUPPORTED WITHIN 
12" OF EACH BOX, CABINET, ETC. 
AND NO MORE THAN 412" APART 


FMC PERMITTED IN EXPOSED AND 
CONCEALED LOCATIONS 


(3) FMC NOT PERMITTED: 

(1) WET LOCATIONS 

(2) HOISTWAYS 

(8) STORAGE BATTERY ROOMS 

(4) HAZARDOUS LOCATIONS EXCEPT 
CLASS 1, DIVISION 2 LOCATIONS AND 
INTRINSICALLY SAFE APPARATUS 

(5) WHERE EXPOSED TO OIL OR 
GASOLINE PRODUCTS 

(6) UNDERGROUND OR EMBEDDED IN 
CONCRETE 

(7) SUBJECT TO PHYSICAL DAMAGE 


NO MORE THAN 360? OF BENDS 
BETWEEN CONNECTION POINTS 


(5) FITTINGS SHALL BE LISTED 


Liquidtight Flexible Metal Conduit 
(LFMC). Liquidtight flexible metal con- 
duit (LFMC) is a raceway of circular cross 
section with an outer liquidtight, nonmetal- 
lic, sunlight-resistant jacket over an inner 
helically wound metal strip. Because of its 
flexibility and outer jacket, LFMC is used 
in industrial applications for connecting 
raceway systems to motors, heaters, and 
other pieces of electrical machinery. See 
Figure 6-15. Externally mounted devices on 
machinery such as control panels and limit 
switches use LFMC for circuit conductors. 

LFMC can be used in both exposed and 
wet locations and can be exposed to mineral 


oil. Operating temperature is the ambient 
temperature caused by the heat produced by 
conductors in a raceway. Unless otherwise 
marked, LFMC is limited to an operating 
temperature of 140?F (60°С). Because 
its jacket is marked "sunlight-resistant," 

LFMC can be used outdoors and in loca- 

tions where it is exposed to the direct rays 

of the sun. LFMC can also be buried in the 
earth, provided it is marked for direct burial. 

LFMC cannot be used where it is subject 

to physical damage. LFMC is available in 

trade sizes Y? through 4. 

Support requirements for LFMC are 
the same as that for FMC. LFMC must be 
securely fastened within 12" of each box, 
cabinet, conduit body, or point at which 
the LFMC terminates, and can have no 
more than 360? of bends between connec- 
tion points. Additionally, LFMC must be 
supported and secured at least every 414’. 
Exceptions to the 4% support requirement 
include the following: 

e FMC supported every 41%’ or less by 
structural framing members and securely 
fastened within 12” of the box 

e use as 6’ or shorter luminaire whips 
lengths not exceeding 6’ for connections 
to luminaires within accessible ceilings 

e when fished into existing installations 
lengths of no more than 3’ at terminals 
if used to provide flexibility 


Flexible Metallic Tubing (FMT). Flexible 
metallic tubing (FMT) is a raceway that is 
circular in cross section, flexible, metallic, 
and liquidtight without a nonmetallic jack- 
et. FMT is extremely flexible and provides 
liquidtight properties even though it does 
not have an outer jacket covering. FMT 
also provides a barrier to gases and prod- 
ucts of combustion and is used in wiring 
installations in ducts, plenums, and other 
air-handling spaces. FMT is used in branch 
circuits and is limited to installations of 
6’ or less. Because it is limited to a length 
of no more than 6’, it is not used in most 
raceway systems. A common application 
for FMT is to supply luminaires mounted 
in suspended ceilings. 
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> Liquidtight Flexible Metal Conduil (FMC) 


LFMC IN LENGTHS EXCEEDING 
6’ SHALL BE SUPPORTED WITHIN 
12” OF EACH BOX, CABINET, ETC. 

AND NO MORE THAN 3’ APART 


NO MORE THAN 360° 
OF BENDS BETWEEN 


FITTINGS SHALL BE LISTED 
ANGLE CONNECTIONS (SHALL NOT 3, 
BE USED WHERE CONCEALED) Š 


LENGTH NOT OVER 3’ FOR 
FLEXIBILITY AT TERMINATIONS 


Per the NEC®, FMT is limited to trade 
sizes % and ?4 (metric designators 16 and 
21). An exception to this requirement 
allows a trade size % (metric designator 
12) to be used in spaces used for envi- 
ronmental air or as part of an assembly 
for luminaires. FMT is limited to dry 
locations, and cannot be used for system 
voltages greater than 1000 V. The 1000 V 
limitation must be adhered to, as some 
lighting ballasts and lighting transformers 
can exceed 1000 V. FMT can be used in 
either concealed or accessible locations 
as long as it is not subject to physical 
damage. FMT is prohibited from use in 
hoistways, storage battery rooms, most 


CONNECTION POINTS 


LFMC SHALL BE SUPPORTED 
WITHIN 12" OF EACH BOX, CABINET, 
ETC. AND NO MORE THAN 4%’ APART 


LUMINAIRE CONNECTION 


hazardous (classified) locations, direct 
burial in the earth, or embedded in poured 
concrete or aggregate. Since FMT is typ- 
ically used because of its flexibility and 
can be no longer than 6' in length, there 
are no specific support requirements. 


The most common trade name for 
LFMC is "sealtite," which is a regis- 
tered trade name for the product An- 
aconda Sealtite®. LFMC is also referred 
to as “liquidtight.” 
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Figure 6-15. Because of 
its flexibility and outer 
jacket, LFMC is used in 
industrial applications 
to connect raceways 
to motors, heaters, and 
other pieces of electrical 
machinery. 


Nonmetallic Conduit 


Nonmetallic conduit is conduit made of 
materials other than metal that is designed 
for the installation of electrical conduc- 
tors and cables. The physical properties 
of nonmetallic conduits make them ideal 
for certain electrical installations, though 
they may not be permissible for all instal- 
lations. Nonmetallic conduits are typically 
lighter, more flexible, and easier to install 
than metal conduits. Also, nonmetallic 
conduits are not subject to inductive heat- 
ing. Nonmetallic conduit types include 
rigid polyvinyl chloride (PVC) conduit, 
reinforced thermosetting resin conduit 
(RTRC), nonmetallic underground conduit 
with conductors (NUCC), high-density 
polyethylene (HDPE) conduit, liquidtight 
flexible nonmetallic conduit (LFNC), and 
electrical nonmetallic tubing (ENT). 


Rigid Polyvinyl Chloride (PVC) Con- 
duit. The most common type of nonme- 
tallic conduit is composed of polyvinyl 
chloride (PVC). Polyvinyl chloride (PVC) 
conduit is a general-purpose nonmetallic 
conduit made from PVC plastic. PVC 
conduit is often used in industrial envi- 
ronments because it is resistant to certain 
industrial corrosive atmospheres. PVC 
conduit is available in thinwall (Schedule 
40) and thickwall (Schedule 80) grades 
with different types of reducers and cou- 
plings. See Figure 6-16. 

Schedule 40 and Schedule 80 PVC can 
be buried underground, encased in concrete, 
or used where exposed to sunlight. Sched- 
ule 80 PVC conduit is dark gray and has a 
wall thickness one-third greater than that of 
standard Schedule 40 PVC. Because it has 
a heavier wall, Schedule 80 is used where 
conduit is subject to physical damage. 
For example, Schedule 80 PVC conduit is 
installed on outdoor distribution poles that 
are exposed to extreme weather conditions. 

Type A PVC and type EB PVC conduits 
are designed only for underground instal- 
lation. Type A PVC conduit is intended for 
encasement in concrete in any location. 
Type EB (encased burial) PVC conduit 


is intended for encasement in concrete in 
trenches outside of buildings. 


Reinforced Thermosetting Resin Conduit 
(RTRC). Reinforced thermosetting resin 
conduit (RTRC) is nonmetallic conduit 
made from fiberglass-reinforced epoxy. 
RTRC is particularly fire, corrosion, and 
impact resistant. Type BG (belowground) 
RTRC can be used for direct burial, with 
or without encasement in concrete. Type 
AG (aboveground) RTRC can be used 
aboveground, underground, and for direct 
burial with or without encasement in con- 
crete. RTRC can also be used for concealed 
or exposed locations where it is not subject 
to physical damage. 


Nonmetallic Underground Conduit with 
Conductors (NUCC). Nonmetallic under- 
ground conduit with conductors (NUCC) is 
a factory-made assembly of conductors or 
cables inside a nonmetallic conduit. NUCC 
is intended to simplify installation for a 
variety of underground installations. The 
conduit is flexible enough in most sizes 
to be rolled onto large reels for shipment. 


High-Density Polyethylene (HDPE) Con- 
duit. High-density polyethylene (HDPE) 
conduit is a nonmetallic conduit made from 
HDPE plastic. HDPE conduit is particularly 
resistant to moisture and corrosive environ- 
ments. HDPE conduit is available in many 
sizes and colors and is typically flexible 
enough to be shipped on large reels. 


Liquidtight Flexible Nonmetallic Con- 
duit (LFNC). Liquidtight flexible nonme- 
tallic conduit (LFNC) is a highly flexible 
conduit made from an outer jacket, an inner 
core, and reinforcement that varies based on 
the intended use. See Figure 6-17. LFNC 
is used in applications where flexibility and 
protection from vapors, liquids, or solids 
is required. LFNC is also flame resistant. 


Some types of nonmetallic conduit 
are chemically bonded to their fittings 
with solvent welding, which forms a 
seamless, permanent connection. 
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Rigid Polyvinyl Chloride (PVC) Conduil 


REDUCER 


COUPLING 


Carlon 


Figure 6-16. Rigid polyvinyl chloride (PVC) conduit is available in thin wall and thickwall 
grades with many types of couplings and fittings. 


Figure 6-17. Liquidtight flexible nonme- 
tallic conduit (LFNC) can be used where 
flexibility and protection from the outside 
environment are required. 


The three different types of LFNC are 
LFNC-A, LENC-B, and LFNC-C. LFNC-A 
has an outer cover bonded to a smooth, 
seamless inner core with one or more 
reinforcement layers bonded in between. 
LFNC-B has a reinforced conduit wall with 


a smooth inner surface and conductors that 
have already been installed by the manu- 
facturer. LFNC-C has corrugated internal 
and external surfaces, but it does not have 
integral reinforcement. 

LFNC can be installed in outdoor loca- 
tions and in direct-burial applications if the 
conduit is listed and marked as suitable for 
these purposes. However, LFNC cannot be 
used where it may be subject to physical 
damage or where the ambient temperature 
plus the temperature generated by the 
contained conductors would exceed the 
temperature limitations of the conduit. 

As with LFMC installations, there are re- 
strictions on the maximum length of LFNC 
installations. For example, LFNC-A and 
LFNC-C cannot be used for lengths longer 
than 6’. LFNC-B can be used in lengths 
exceeding 6’ if it is properly secured and 
supported. Conductors in LFNC cannot 
exceed 600 V, nominal. LFNC is available 
in trade sizes 38 through 4. 


Electrical Nonmetallic Tubing (ENT). 
Electrical nonmetallic tubing (ENT) is a 
nonmetallic, corrugated conduit that is 
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Figure 6-18. Electrical 
nonmetallic tubing (ENT) 
is corrugated pliable 
nonmetallic tubing that 
can be bent by hand 
without the use of tools 
for installation purposes. 


pliable enough to be bent by hand. See Figure 
6-18. This makes ENT easier and quicker to 
install than other types of raceways. ENT is 
made from PVC, making it resistant to mois- 
ture and chemical atmospheres. ENT is also 
flame retardant. ENT is available in trade sizes 
14 through 2 and in different colors to facilitate 
the identification of the system in which it is 
being installed. ENT can also be purchased 
prewired from manufacturers. 


y 4 Electrical Nonmetatlic 
s 3 Tubing (ENT) 


ENT can be installed in exposed or con- 
cealed locations. Although ENT is flame 
retardant, it has certain limitations when 
installed in buildings because it is made of 
PVC. The products of combustion of PVC 
are considered dangerous, so human expo- 
sure must be limited. Per the NEC®, there 
are restrictions concerning the use of ENT 
three floors above grade. Specific restrictions 
address thermal barriers and exceptions 
when sprinkler systems are installed. 


CONDUIT CUTTING, THREADING, 
AND BENDING 


After the appropriate conduit has been se- 
lected for a given installation, the conduit 
must be cut and bent to fit the application. 
Additionally, RMC and IMC must be 
threaded at each end. Improper cutting, 
threading, or bending can result in work that 
is not neat and workmanlike as required by 
the NEC? and can cause damage to conduc- 
tors and their insulation when installed in 
the conduit raceway. 


Cutting Conduit 

Because of their mechanical differences, 
metal and nonmetallic conduit are cut 
differently. Metal and nonmetallic conduit 
require specific tools for cutting. Tools 
such as PVC-pipe cutters, saws, files, and 
deburring tools are used to prepare conduit 
ends for proper connection methods. 


Cutting Metallic Conduit. RMC and IMC 
can be cut with a saw or pipe cutter. Pipe 
cutters can be part of an electric threading 
machine or can be a hand tool. Pipe cutters 
are the most common type of tool used 
to cut RMC and IMC. Only hacksaws or 
band saws are used to cut EMT because a 
pipe cutter tends to flare the wall of EMT, 
making fittings difficult to install. 

Once metal conduit is cut, any burrs 
on the outside of the conduit where it has 
been cut should be removed with a file or 
a deburring tool. Removing burrs allows 
for proper threading on RMC and IMC 
and allows for proper fitting installation on 
EMT. Typically, mechanical reaming tools 
are used to remove burrs from the inside of 
the conduit for industrial and commercial 
installations. See Figure 6-19. 


Cutting Nonmetallic Conduit. Nonmetallic 
conduit, such as PVC conduit, can be cut with 
a mechanical cutter specifically designed to 
cut PVC pipe. PVC-pipe cutters typically 
provide a clean cut on the workpiece with no 
burrs or shavings to remove. A fine-tooth saw, 
such as a hacksaw or band saw, can also be 
used. If using a hacksaw, a miter box or saw 
guide can be used to ensure a square cut. After 
itis cut with a saw, nonmetallic conduit must 
also be deburred and the ends wiped clean to 
remove dirt and shavings in preparation for 
joining operations. See Figure 6-20. 


Threading Conduit 


Only RMC and IMC can be threaded. 
Threading RMC and IMC is necessary 
to maintain the integrity of the finished 
conduit system, both mechanically and 
electrically. Threading RMC and IMC is 
performed by using a standard 34" per foot 
taper National Pipe Thread (NPT) die and 


a pipe-threading machine. Pipe-threading 
machines produce uniform threads and 
reduce technician fatigue. See Figure 6-21. 


chanical 


* Me 


Rothenberger USA, Inc. 


Figure 6-19. Mechanical reaming tools are 
used to remove burrs from the inside of 
the conduit for industrial and commercial 
installations. 


^. Nonmetallic Conduit - 
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CUTTING EDGES 
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Ridge Tool Company 


Figure 6-20. After it is cut with a saw, non- 
metallic conduit, such as PVC conduit, 
must also be deburred and the ends 
wiped clean to remove dirt and shavings 
in preparation for joining operations. 
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„Т Pipe-Threading Machines | 


PIPE CUTTER 


DIE HOLDER 


Ridge Tool Company 


Figure 6-21. Pipe-threading machines 
produce uniform threads on conduit while 
reducing technician fatigue. 


Two types of dies are used to thread con- 
duit depending on the type of pipe-threading 
machine used. A pipe-threading machine 
can be used with a universal die head or with 
a drop head die. The die must be sharp and 
started on the conduit squarely. A universal 
die head is an adjustable die used with a 
pipe-threading machine to cut threads on 
rigid pipe. A drop head die is a die that is of a 
certain size and used to fit inside a ratcheting 
handle. When threading conduit with a uni- 
versal die head in a pipe-threading machine, 
the conduit is turned as the die head is pressed 
against the conduit end, starting the threading 
process. When threading conduit with a drop 
head die in a pipe-threading machine, the 
correct-size die must be inserted into the tool, 
with the die head placed squarely against the 
conduit end. With both types of die heads, the 
conduit remains stationary as pressure is held 
against the die head and the die head rotated 
clockwise (from end of machine) with the tool 
either manually or mechanically. 
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Cutting oil is lubricant applied to metal 
during drilling or threading to reduce the 
ambient temperature. In addition to reducing 
the ambient temperature of the workpiece, 
cutting oil also prolongs the life of the tool 
(die), increases the rate of metal removal, 
produces a finer finish, and enables machin- 
ing to closer tolerances. An oiler is a device 
used to apply cutting oil to the dies during 
the thread-cutting process. Most oilers also 
separate metal shavings from the used oil and 
capture the oil for reuse. See Figure 6-22. 

Cutting oil must be applied to the conduit 
and die as soon as the cutting process starts 
and continually being applied throughout the 
process. If dies are used without cutting oil, 
they can be damaged or destroyed. Cutting 
oil is applied using an oiler, oilcan, or oiler 
attachment mounted on an oil container. A 
hand oiler is often used to apply cutting oil. 
Some pipe-threading machines are equipped 
with automatic oilers. 

Running threads are threads that extend 
beyond conduit coupling length. See Figure 
6-23. Conduit that is joined with couplings 
must not have running threads. Running 
threads result in the taper being lost on the 
conduit end and cause couplings to fit incor- 
rectly. Running threads can be used between 
boxes and enclosures to join them together, 
but cannot be used on the conduit for connec- 
tion at couplings. The threading process is 
stopped when the end of the conduit is flush 
with the die segment. Once the die has been 
removed from the conduit, clean the end of 
the conduit with a clean cloth to remove oil, 
chips, and debris. 

Threads should be inspected to verify that 
they are clean with no damage for their entire 
length. If conduit is not to be immediately 
installed, it is recommended to place a plastic 
cap over the threads for protection. Plastic 
caps are usually supplied from the conduit 
manufacturer to prevent damage to the con- 
duit during shipment. 


Cutting oil is available in both dark- 
and light-colored varieties. Light-col- 
ored cutting oils are typically used 
when working with RMC. 
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Figure 6-22. An oiler is a device used to 
apply oil to dies and capture used oil in a 
pan or reservoir for recirculation. 


Running Threads 


CONDUIT THREADS 
EXTEND BEYOND 
LENGTH OF COUPLING 


COUPLING 


Figure 6-23. Running threads are threads 
that extend beyond conduit coupling 
length. 


Bending Metal Conduit 


A technician must be able to use hand tools 
and power tools to make conduit bends. 
Fabricating conduit bends is required when 
installing all types of RMC, IMC, and EMT. 
Conduit benders used for industrial and 
commercial wiring installations include 
hand benders, mechanical benders, and 
electric benders. Commercial and industrial 
wiring installation requires technicians to 
recognize the type of conduit bend needed 
and make different types of bends in a neat 
and workmanlike manner. 

A conduit bender must be the correct 
size and type for the conduit to be bent. If 
the bender has adjustments, they must be 
set properly. Bends should be made slightly 
past a plumb line to account for springback. 
Springback is the property of conduit that 
causes it to unbend slightly after a bend is 
completed. Two of the most common bends 
used are a stub-up bend and an offset bend. 


Hand Conduit Benders. Standard hand 
conduit benders are available from several 
manufacturers and are available in trade 
sizes that can bend 1⁄2 to 1% EMT conduit. 
See Figure 6-24. The NEC? specifies a 
minimum bend radius for conduit instal- 
lations depending on the conduit diameter. 
Hand conduit benders are manufactured to 
deliver a particular radius. Only a specific 
conduit bender can be used to bend a size 
of EMT. For example, a %” hand conduit 
bender is used to bend trade size V? EMT, 
and a 1^ hand conduit bender is used to 
bend trade size 1 EMT. Rigid metal con- 
duit can also be bent with a hand conduit 
bender, by using the next larger size hand 
conduit bender. For example, б” RMC 
must be bent with a 34" EMT hand conduit 
bender. 


Mechanical Conduit Benders. A mechan- 
ical conduit bender is a type of bender that 
employs a lever arm and ratcheting mecha- 
nism to provide a mechanical advantage when 
fabricating conduit bends. See Figure 6-25. 
Mechanical conduit benders are relatively 
simple to operate and can bend RMC ranging 
in trade sizes % to 2. Mechanical conduit 


benders are lightweight, easily transportable, 
can be set up in any type of environment, do 
not require electricity, and are durable. 


Hond Conduit Benders 


Greenlee Textron, Inc. 


Figure 6-24. Hand conduit benders are 
available for trade sizes up to 1 EMT and 
RMC, but are typically used on smaller 
sizes. 


Уҹ. Mechonical 
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Figure 6-25. Mechanical conduit benders 
are relatively simple to operate and can 
bend RMC ranging in size from 2" to 2". 
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Electric Conduit Benders. An electric 
conduit bender is a type of bender that 
uses an electric motor to rotate a series 
of shoes that fabricate conduit bends. See 
Figure 6-26. Electric conduit benders 
have interchangeable bending shoes that 
allow the bender to be used on all types 
of conduit. Because of their high cost and 
electrical components, electric conduit 
benders must be protected from the ele- 
ments at all times. The main advantages of 
electric conduit benders over other types 
of conduit benders are speed and accura- 
cy. Electric conduit benders are ideal for 
running large amounts of conduit when 
accurate, repeatable bends are required. 


90? Bends. A 90° bend is a bend in conduit 
made perpendicular to the original length 
of the conduit, with the conduit extending a 
specified length from the back of the bend. 
See Figure 6-27. A 90? bend can be used 
whenever conduit has to make a 90° turn. 
A. 90? bend requires a simple calculation 
to determine where to place the bend in 
order for the end of the conduit to extend a 
specified distance from the bend. To create 
a 90? bend, apply the following procedure: 


Electric Conduit Benders 


PENCIL MARK 
STUB-UP 
LENGTH 


90° BENDS 


TAKE-UP 


Figure 6-27. A 90° bend is a bend fabricat- 
ed to a precise 90° length. 


1. Measure the length of the required bend 
(the distance from the back edge of the 
conduit out to where the conduit should 
end). 

2. Subtract the take-up from the length 
measurement. Place a pencil mark on 
the conduit at the measured length of 
the bend. 

3. Place the conduit bender on the conduit 
and align the arrow benchmark with the 
pencil mark. Make certain the conduit 
bender hook is facing toward the end 
of the conduit from which the measure- 
ment was taken. 

4. Place the conduit and conduit bender on 
a hard level surface. Place one foot on 
the conduit and grasp the bender handle 
with both hands. Place the other foot on 
the bender foot pedal. Use hand force to 
guide the bender while using heavy foot 
pressure to make the bend. 

5. Once the bend approaches 90°, check 
progress with a torpedo level (verify 
that the work surface is level). Bending 
slightly past 90° is usually required to 
compensate for springback. 

6. When completed, check developed length 
against desired length and install conduit. 
It is often a result of inadequate foot pres- 


Figure 6-26. Electric conduit benders are ideal for running large racks sure if the developed length is longer than 
of conduit when accurate, repeatable bends are required., the desired length. See Figure 6-28. 
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Figure 6-28. A hand conduit bender can be used to make various conduit bends. 
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Most hand conduit benders are designed 
so that a 45? angle is achieved by placing the 
bender on the conduit and raising the handle 
until it is in the vertical position. Hand conduit 
benders are also used to make 90? bends for 
corners or formed to a predetermined length 
for use as stub-ups for floor installation. To 
make a 90? bend, the required distance is 
lined up with the edge of the bender. Force is 
applied to the bender, and the conduit is bent 
to form a 90? angle. The accuracy of the 90* 
bend is checked using a level. One leg of the 
conduit is checked on the horizontal plane, 
the bent leg is checked on the vertical plane. 


Rigid nonmetallic conduit is typically made from PVC and can be 
used to route conductors and cables. 


Offset Bends. Conduit runs are often 
interrupted by obstructions and changes 
in direction that cannot be bypassed with 
90? bends. Obstructions are bypassed by 
using an offset bend. An offset bend is a 
bend that consists of two 45? angles on 
one piece of conduit. To achieve an offset 
bend, parallel lines are drawn apart on a 
floor or smooth surface equal to the length 
(throw) of the offset. The first bend is made 
at a 45? angle by laying the conduit on the 
floor and bringing the handle of the bender 
to the vertical position. The second bend is 
made by placing the end of the bender at 
the throw mark and bending until the two 
legs are parallel. A level is used to check 
the accuracy of the offset bend. 

The amount of the offset is the size of the 
obstacle. For example, for conduit bent around 
a 4" x 4" stud, the amount of the offset is the 
amount the conduit has to rise to clear the stud. 
See Figure 6-29. In this application, because 
the 4" x 4" stud rises 3%”, the conduit must 
rise over 312" (enough to clear that height). 


When installing raceway in cor- 
rosive locations, such as in soil, a | 
corrosive-resistant raceway such as 
galvanized IMC should be used fo | 
prevent corrosion of the raceway and 
damage to conductors. 


! 
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(BOTTOM TO BOTTOM 
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Figure 6-29. Offset bends are used when conduit must be bent around obstacles. 


Bending Nonmetallic Conduit 


Rigid nonmetallic conduit is bent by ap- 
plying heat to the conduit. The equipment 
used to provide the heat must be listed for 
the specific purpose of bending nonmetal- 
lic conduit. An infrared heater is a compo- 
nent that that contains infrared lamps in an 
enclosure in which the section of conduit 
to be bent is placed and heated. See Figure 
6-30. Infrared heaters are commonly used 
when bending nonmetallic conduit because 
they heat the conduit quickly. Heat must 
be applied evenly to the area of the bend. 
Depending on conduit size, proper heating 
can be completed in a few seconds to two 
to three minutes. Once heated to the prop- 
er temperature, nonmetallic conduit can 
be shaped with a template to the desired 
bend and cooled. Applying water on the 
conduit bend helps accelerate cooling. 
Conduit with diameters of 2" and larger 
can crimp or deform during the bending 
process. For conduit that is 2" and larger, 
PVC pipe plugs are inserted at each end 
of the conduit prior to heating, causing an 


. Infrared Heaters 
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airtight seal as the conduit heats. The air 
inside of the conduit expands during the 
heating process, preventing any deforma- 
tion or crimping. After the conduit has 
cooled to ambient temperature, the plugs 
are removed. See Figure 6-31. 


PVC Pipe Plugs 


Figure 6-31. PVC pipe plugs are used to 
keep heated air within the conduit and 
speed up the bending process. 
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Figure 6-30. Infrared 
heaters are portable 
units that can be used to 
bend nonmetallic con- 
duit to size in the field. 


SPECIAL-PURPOSE RACEWAYS 


Special-purpose raceways are raceways that 
are designed for installations where conduit 
use is not approved by the NEC? or feasible 
to install. Depending upon the application 
requirements, the types of special-purpose 
raceways that can be installed include the 
following: 


strut-type raceways 


Underfloor Raceways 


An underfloor raceway is a metal underfloor 
duct system designed for use as a raceway 
for the installation of conductors and cables. 
In commercial buildings, such as retail 
stores and office spaces, it is necessary to 


run conductors to various locations in the 
middle of large open areas. Because open 
areas are not adjacent to walls, there is no 
room for installing of more commonly used 
raceways such as conduits. A practical meth- 
od must be used to bring conductors to the 
required locations. By using underfloor race- 
ways, conductors can be brought in where 
needed and raceway obstructions through 


e А А 
СИЕ ЕЕ open areas сап be avoided. See Figure 6-32. 
e cellular concrete floor raceways " 
Per the NEC®, underfloor raceways are 
e cellular metal floor raceways : 
f Н permitted beneath the surface of concrete or 
e multioutlet assemblies н ^ pen 
other flooring material. In office buildings, 
e surface raceways , к 
i a underfloor raceways can be laid flush with a 
e wireways and auxiliary gutters T 
concrete floor and covered with linoleum or 
e busways з н wisis 
equivalent floor covering at least 146” thick. 
e cablebus 
e 


Underfloor raceways consist of factory- 
constructed raceways or they can consist 
of materials assembled at the installation 
job site to form a raceway. Underfloor race- 
ways cannot be installed in most hazardous 
locations or Class I, Division II locations. 
Conductor fill cannot exceed 4046 in under- 
floor raceways and splices are only permitted 
at junction boxes. 


_ Underfloor Raceways 
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CABINET fT 
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3 Gao i MES SPLICES AND TAPS 478" WIDE 
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JUNCTION BOXES 
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40% NOT OVER 4” WIDE 


Figure 6-32. Underfloor raceways are metal underfloor duct systems designed for use a j 
lation of wires and cables. ý 9 s raceways for the instal- 


Cellular Concrete Floor Raceways 


A cellular concrete floor raceway is a hollow 
space in a precast cellular concrete slab used 
to construct floors. Cellular concrete floor 
raceways are commonly used in high-rise 
office buildings. A floor cell is a single, en- 
closed tubular space in a floor. The direction 
of the floor cell is parallel to the direction of 
the floor member. A header duct is a metal 
raceway laid perpendicular to floor cells 
and used to distribute conductors from 
electrical cabinets to floor cells and junction 
boxes. Metal fittings are used to provide 
access from header ducts to floor cells. See 
Figure 6-33. Per the NEC®, cellular concrete 
floor raceways are not permitted in areas 
that are subject to corrosive vapors, in most 
hazardous locations, in Class I, Division II 
locations, or in commercial garages other than 
to supply ceiling outlets or extensions to the 
area below, but not above, the floor. 


Cellular Metal Floor Raceways 


A cellular metal floor raceway is a hollow 
space in a metal floor designed for use in 
steel-frame buildings. Cellular metal floor 
raceways are similar to cellular concrete floor 
raceways. Cellular metal floor raceways are 
also used in applications to route conductors 
up from a floor and distribute power to a spe- 
cific location in a facility. Cells run parallel to 
the axis of the metal floor member. A cell is 
a single, enclosed tubular space in a cellular 
metal floor member. The header is a transverse 
raceway that connects those cells together that 
are being used as part of the raceway system. 
Headers are used to run the conductors from 
the distribution center to the cells. See Fig- 
ure 6-34. Per the NEC®, cellular metal floor 
raceways are not permitted in areas that are 
subject to corrosive vapors, in most hazardous 
locations, and in most commercial garages. 


Cellular metal floor raceway systems 
can extend the length of a building 
and, depending on the strength re- 
quired, be various shapes and sizes. 
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.-- Cellular Concrete Floor Raceways 


INSERT LEVELED 
AND SEALED 


SPLICES AND TAPS 
ONLY IN HEADERS 
AND JUNCTION BOXES 


MAXIMUM CROSS- 
SECTIONAL AREA 


LISTED FITTINGS 
FOR CONNECTIONS 


CONCRETE CONDUCTORS LARGER 
THAN NO. 1/0 REQUIRE 


CONCRETE CELLS NEC? PERMISSION 


Figure 6-33. Cellular concrete floor raceways are commonly used in 
high-rise office buildings. 


Celiular Metal Floor Raceways 


SPLICES AND TAPS ONLY IN 
HEADERS OR JUNCTION BOXES 
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Figure 6-34. Cellular metal floor raceways are hollow spaces in a metal 
floor designed for use in steel-frame buildings. 


Multioutlet Assemblies 


A multioutlet assembly is a metal or non- 
metallic raceway that contains recepta- 
cles and branch-circuit conductors. See 
Figure 6-35. Multioutlet assemblies are 
installed along desktops and countertops in 
work and assembly areas. Multioutlet as- 
semblies are either manufactured as one unit 


or can be assembled as needed during the 
installation process. Installation of multioutlet 
assemblies allows for spacing of receptacles 
as needed. Multioutlet assemblies are typical- 
ly mounted on the surface of a wall and can be 
connected on a single phase or connected on 
alternate phases. See Figure 6-36. Multioutlet 
assemblies must have a continuous grounded 
conductor so that removal of a receptacle will 
not interrupt circuit continuity. 


Mullioutlet Assemblies .— .. — — 


REMOVABLE 
COVER 
CIRCUIT CONDUCTORS 


NO OUTLET 
WITHIN PARTITION 


DIVIDING 
WALL 


Figure 6-35. A multioutlet assembly is a metal or nonmetallic raceway 
with branch circuit conductors and receptacles. 


Surface raceway can be used with 
circuits greater than 300 V, provided 
the wall thickness of the raceway is 
0.040" or greater. 


Surface Raceways 


A surface raceway is a raceway that is 
mounted on the surface of a structure. 
Surface raceways can be metallic or non- 
metallic in construction. See Figure 6-37. 
Common applications for surface raceways 


include installation in dry locations where 
multioutlet assemblies are needed, such 
as near countertops in office workspaces, 
laboratories, and workbenches. Surface 
raceways are also utilized in remodeling 
work where other raceway methods are 
not as practical. Surface raceways are 
sometimes referred to as “plug mold” or 
“plug strip.” Surface raceways cannot be 
used in hazardous locations, areas sub- 
ject to physical damage, where subject 
to corrosive vapors, in hoistways, or in 
concealed locations. Surface raceway can 
extend through walls, partitions, or floors 
if the length is unbroken. Surface raceway 
is typically used with lighting, power, and 
signal circuits of 300 V and less. 


Wireways and Auxiliary Gutters 


A wireway is a metallic or nonmetallic 
trough with a hinged or removable cover 
designed to house and protect conduc- 
tors and cables. Cables and conductors 
are laid in wireways after the wireway 
system installation is complete. Per the 
NEC®, wireways are not allowed to be 
concealed, but instead must be mounted on 
a surface. Long sections of wireway can be 
routed through walls. Metal wireways are 
constructed of sheet metal. Nonmetallic 
wireways are constructed of PVC. 


Most raceway systems used in commercial 
and industrial installations are metallic. 
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У Multiouflet Connections 


WHITE 
CONTINUOUS GROUNDED CONDUCTOR 


RECEPTACLES CONNECTED ON SINGLE PHASE 


WHITE 
CONTINUOUS GROUNDED CONDUCTOR 


RECEPTACLES CONNECTED ON ALTERNATE PHASES 


Figure 6-36. Multioutlet assemblies can be connected on a single phase or connected 
on alternate phases. 


**- Surface Raceways 


Hinged wiring duct covers are pre- 
ferred over nonhinged, as covers 
represent 20% of the wiring duct cost. 
Nonhinged covers can be easily mis- 
placed or damaged. 


FLAT ELBOW 


UTILITY BOX SURFACE METAL 
RACEWAY 


Wireways are available in 1’ to 10’ lengths, 
in various widths and depths, along with their БЕ оско p SUPPORTING CLIP 
associated fittings and accessories. Installation 
requirements for metal wireways include 
having no more than 30 current-carrying con- 
ductors in a cross section, horizontal supports 
of 5' or less, and vertical supports of 15' or 
less. Installation requirements for nonmetallic 
wireways include current-carrying conductors 
not exceeding 20% of СО адај агеа, CO— 
horizontal supports of 3 or less, and vertical COE uENTEIDENTIERED 
supports of 4’ or less. See Figure 6-38. Wire- BY SHARPLY CONTRASTING 
ways are used in commercial and industrial EDS INIEDIOR FIANS 
applications to contain power, lighting, or 
communication circuits and can be mounted Figure 6-37. A surface raceway is an enclosed channel for conductors 
from ceilings or walls. and can be either metal or nonmetallic. 


RECEPTACLE AND BOX 


Tisi LIGHTING POWER 
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. * Wireways 


METAL WIREWAYS 


THERE SHOULD BE NO MORE THAN 30 CURRENT- 
CARRYING CONDUCTORS AT ANY CROSS SECTION 
WITHOUT APPLYING APPROPRIATE DERATING 
FACTORS 


(2 HORIZONTAL SUPPORT NOT TO EXCEED 5' 


VERTICAL SUPPORT NOT TO EXCEED 15' 


NONMETALLIC WIREWAYS 


FOR EXPOSED WORK AND WHERE SUBJECTED TO 
CORROSIVE VAPORS AND IN WET LOCATIONS 


SUM OF CROSS-SECTIONAL AREA OF 
CONDUCTORS NOT TO EXCEED 20% OF 
CROSS-SECTIONAL AREA 


(4) 
Ө, 
(6) HORIZONTAL SUPPORT NOT TO EXCEED 3' 
© 


VERTICAL SUPPORT NOT TO EXCEED 4" 


Figure 6-38. A wireway is a metal or nonmetallic trough with a hinged or 
removable cover designed to house and protect conductors and cables. 


An auxiliary gutter is a sheet metal 
or nonmetallic enclosure equipped with 
hinged or removable covers that is used 
to supplement wiring space. Auxiliary 
gutters, both metal and nonmetallic, are 
constructed the same as wireways but 
have different applications. Auxiliary 
gutter applications include enclosing 
conductors and supplying panelboards 
mounted inside a building column. The 
UL listing on auxiliary gutters can be 
"Listed Wireway" or "Auxiliary Gutter." 
However, the application provisions spec- 
ified in the NEC? determine their use. The 
difference between wireways and auxilia- 
ry gutters is that auxiliary gutters cannot 
be used for applications that extend 30' 
beyond the equipment they supplement, 
while wireways can be run throughout 
the system beyond a 30' extension. 
See Figure 6-39. 


Busways 

A busway is a sheet-metal enclosure that 
contains factory-assembled busbars, that 
are supported on insulators. A busbar is 
a conductor in the form of a bar or a rod. 
Busbars are typically copper or aluminum. 
Busways are used in commercial and in- 
dustrial applications such as feeders, power 
distribution for specific loads, trolleys, and 
lighting raceways. Busways are available 
for either indoor or outdoor use. When used 
in an outdoor location, the busway must be 
listed for outdoor use. UL lists busways up 
to 600 V. Busway ampacity can be as high 
as 6500 A for copper bus and 5000 A for 
aluminum bus. Most systems are in the 
200 A to 1000 A range. Small busway 
systems are available with ranges between 
20 A to 250 A. Some systems are de- 
signed to accept disconnect switches with 
overcurrent devices that can be plugged 
into the busway in order to feed loads as 
required. The three basic types of busways 
are busways that provide an opening for 
plugging in disconnects with an overcurrent 
device, busways that cannot accept a 
plug-in disconnect, and trolley busways. 
See Figure 6-40. 


PANELBOARD 
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DISCONNECT 
SWITCH 


AUXILIARY GUTTER MUST BE 30' OR LESS FROM 
EQUIPMENT IT SUPPLEMENTS 


METALLIC AUXILIARY GUTTERS MUST BE 


SUPPORTED EVERY 5' 


NONMETALLIC AUXILIARY GUTTERS MUST BE 


SUPPORTED EVERY 3’ 


COVERS MUST BE SECURELY FASTENED 
TO AUXILIARY GUTTER 


SHEETMETAL AUXILIARY GUTTERS MUST NOT 
CONTAIN OVER 30 CURRENT-CARRYING CON- 


IS NOT LIMITED 


GUTTER AREA 


DUCTORS AT A CROSS SECTION AND THEIR AREAS 
MUST NOT EXCEED 20% OF GUTTER AREA. 
WHERE 20% FILL IS NOT EXCEEDED AND 
DERATING !S APPLIED, NUMBER OF CONDUCTORS 


ALL CONDUCTORS AT A CROSS SECTION MUST 
NOT EXCEED 20% OF A NONMETALLIC 


Advantages to installing busways in- 
clude the ability to branch off of plug-in 
type busways through the use of conductors 
and cord and cable assemblies. Busways, 
that are used in environments where elec- 
trical equipment is commonly moved from 
one location to the next, can save time on 
installation. The rerouting of conductors 
to the repositioned equipment may only 
require changing the point where the dis- 
connect plugs into the busway and rerouting 
flexible cable to the equipment. 


A trolley busway has an open bottom. 
The trolley runs on wheels, and brushes 
or rollers on the busbars make electrical 
contact. The trolley system feeds portable 
equipment in industrial installations. Trol- 
ley busways allow for movement of equip- 
ment through movable contacts attached to 
the busbars. Because of its different types 
and uses, requirements for busway instal- 
lation, including its overcurrent protection 
are quite specific. For example, the NEC® 
requires that busways have over-current 


Figure 6-39. An auxilia- 
ry gufter is similar to a 
wireway, but cannot 
extend more than 30’ 
beyond the equipment 
it supplements. 


protection in accordance with the current 
rating of the busway. Where the allowable cur- 
rent rating of the busway does not correspond 
to a standard ampere rating of the overcurrent 
device, the next higher standard size of the 
overcurrent device can be used. However, if 
the current rating exceeds 800 A, then the next 
lowest size must be used. 


Cablebuses 


A cablebus is a method of power distribu- 
tion that uses conductors that are supported 
and arranged by phase in a ventilated metal 
enclosure. See Figure 6-41. A cablebus is 


`$ Busways 


typically used in larger power distribution 
installations such as 1000 A to 8000 A 
installations and with voltages from 600 V 
to 69 kV. Insulated conductors, 1/0 AWG 
or larger, are installed within the metal 
enclosure on special insulating blocks. 
The mounting of the cable on the blocks, 
at specified distances, allows for proper 
phase arrangement of conductors. Tech- 
nicians assemble cablebus at the point of 
installation. Cablebuses are approved by 
the NEC? for use in exposed locations only 
and can be approved for use in corrosive 
and wet locations. 
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Figure 6-40. A busway is a sheet-metal enclosure that contains factory-assembled aluminum or copper busbars 


supported on insulators. 


BUSWAY MUST BE SUPPORTED AT INTERVALS 
NOT EXCEEDING 5' 


BUSWAY TO BE INSTALLED ONLY IN OPEN LOCATION 


TOTALLY ENCLOSED, NON-VENTILATING BUSWAYS 
MAY BE INSTALLED BEHIND PANELS WITH ACCESS 


LIGHTING AND TROLLEY BUSWAY MUST NOT BE 
INSTALLED LESS THAN 8' ABOVE FLOOR OR 
WORKING PLATFORM 


TOTALLY-ENCLOSED, 
NON-VENTILATING TYPE 


APPROVED 
FIRE-STOP 
METHODS 


. $ Cablebuses 


INSULATING BLOCK 


Typical cablebus applications include 
the following: 
e service entrances 
e primary and secondary feeder circuits 
e connections from generators to 
transformers 
e connections from generators to 


switchgear 

e connections from transformers to 
switchgear 

e connections from switchgear to 
switchgear 


e connections from switchgear to motor 
control centers (MCCs) 
e MCCs to large motors 


Strut-Type Channel Raceways 


A strut-type channel raceway is a metallic 
raceway that is mounted to the surface 
of or suspended from a structure for the 
installation of electrical conductors and 
cables. Strut-type channel raceways are 
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VENTILATED METAL 
ENCLOSURE 


CABLES SPACED 
FOR PROPER PHASE 
ARRANGEMENT 


typically used to support luminaires in 
industrial and commercial buildings. See 
Figure 6-42. 

Strut-type channel raceways are used 
for circuits that have up to 600 V and 
can be installed in exposed areas that are 
subject to physical damage. Industrial ap- 
plications for strut-type channel raceways 
include supplying power to motors, elec- 
trical equipment, workstations, and office 
areas. Commercial applications for strut- 
type channel raceways include work areas 
in warehouses, retail stores, offices, and in 
power poles for work areas separated by 
cubicles or other partitions. 


Manufacturers specifications for 
strut-type channel raceways must 
be followed to determine the proper 
amount of cable a raceway can 
safely support. 


Figure 6-41. A cable- 
bus is a ventilated metal 
enclosure specifically 
made to house and sup- 
port cables for power 
distribution. 
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Figure 6-42. A strut-type 
channel raceway is a 
metallic raceway that 
is either mounted to the 
surface of or suspended 
from a structure. 


Strut-Type Channel Raceways 


STRUT-TYPE CHANNEL RACEWAY MUST 
BE SUPPORTED WITHIN 3^ OF OUTLET 
BOXES AND NO MORE THAN 10' APART 
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CABLE TRAYS 


A cable tray is an open metal or nonmetallic 
frame used to support electrical conductors. 
Cable trays are mechanical support systems 
consisting of units or sections and associated 
fittings. Cable trays are not considered race- 
ways. When assembled, a cable tray becomes 
an entire structural system that can support 
cables and raceways. Cable tray design types 
are designated based on their construction. 
Cable trays have different uses, and are 
installed through use of specific installation 
guidelines. Technicians must be familiar with 
cable tray construction, uses, and installation 
guidelines. 


Cable Tray Construction 


Cable trays must be made from a noncorro- 
sive material. Cable trays are typically made 
from galvanized steel, galvanized aluminum, 
stainless steel, or fiberglass. Cable trays can 
be used in corrosive environments such as 
battery rooms. All fittings, accessories, and 
fasteners used for cable tray assembly must 
be corrosion resistant. Cable tray sections 
are available in various standard lengths, 


widths, and depths to accommodate different 
installations. There are several different types 
of cable tray classifications based on their con- 
struction. See Figure 6-43. The most common 
types of cable trays are solid-bottom, trough 
(ventilated), channel, single-rail, wire-mesh, 
and ladder types. 

A solid-bottom cable tray is a cable 
tray that has a solid metal bottom, a solid 
cover, and is nonventilated. Solid-bottom 
cable trays are used for applications such 
as low-voltage applications where heat 
generation is not a consideration. Solid- 
bottom cable trays reduce the effects of 
electromagnetic interference (EMI) and ra- 
dio interference (RI) in telecommunication 
and other sensitive circuits. 

A trough cable tray is a cable tray that 
has bottom rungs for conductor support. 
Trough cable trays are also referred to as 
"ventilated cable trays" because of evenly 
spaced openings of 4” or less in the bottom 
of the cable tray. Trough cable trays are 
used for applications where only moderate 
heating is expected. Trough cable trays 
are used to minimize sagging of cables 
between the tray supports. 
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Figure 6-43. Cable tray types are classified based on their construction. 


A channel cable tray is a cable tray 
consisting of a fabricated, one-piece struc- 
ture. Channel cable trays are available in 
3”, 4”, and 6" widths. The bottom can be 
either ventilated-bottom or solid-bottom 
construction. Typical depths for channel 
cable trays are from 11⁄4” to 154”. Because 
they are available only in narrow widths, 
channel cable trays are used for appli- 
cations where only a limited number of 
cables can be supported and use of conduit 
is not feasible. 

A single-rail cable tray is a cable tray that 
has a center rail or a rail for wall mounting. 
Wall mounts can be either single tier or 
multi-tier. Typical depths for single-rail 
cable trays are 3”, 4", 5", and 6”. Single-rail 
cable trays are typically used for low-voltage 
and low-power applications where access to 
cables is required after installation. 

A wire-mesh cable tray is a cable tray 
constructed of zinc-plated steel wire 
mesh. Wire-mesh cable trays are avail- 
able in widths of 24" and depths up to 4". 


Because of the mesh construction, wire- 
mesh cable trays are used for applications 
such as low-voltage telecommunications 
and fiber optic cabling where cables are 
typically small in diameter and require 
close supports. 

A ladder cable tray is a cable tray that 
has vertical side rails with evenly spaced 
horizontal rungs. Ladder cable tray rungs 
are usually spaced evenly at 9", but can 
be spaced at 6" to 18" increments. Lad- 
der cable trays are used for applications 
where requirements include access to 
cables, or moisture resistance, or when 
cables must enter and exit either the top 
or bottom of the cable tray. Ladder cable 
trays are the most common type of cable 
tray systems used in commercial and 
industrial installations. 


Cable Tray Uses 

Cable tray systems have uses in commer- 
cial and industrial applications such as 
long runs of power cables in industrial 


Figure 6-44. Different 
types of cable tray 
can be joined together 
as part of a complete 
system. 


facilities, or runs of telecommunication 
cables in commercial facilities. Different 
types of cable tray can be joined together 
as part of a complete system. See Figure 
6-44. If the cable tray installation meets 
requirements as specified by the NEC®, 
it can be used as the EGC. Cable trays 
can be used as support for the following 
systems and circuits: 

* services 

* feeders 


* branch circuits 
* communications circuits 
* control circuits 
* signaling circuits 

Cable and conduit types that are allowed 
to be supported in a cable tray are specified 
in the NEC®. 


Cable trays may require covers to 
protect the conductors from dust, 
water, and falling objects. In some 
locations, the covers may be peaked 
to allow large amounts of dust, debris, 
or snow to run off. 


Cable Tray Systems 


The types of cables and raceways that 
can be supported by cable tray include the 
following: 

* armored cable 

* communication raceways 

* fire alarm cables 

* instrumentation tray cable 

e metal-clad cable 

• mineral-insulated, metal-sheathed cable 

e multiconductor service-entrance cable 

* multiconductor underground feeder and 
branch-circuit cable 

* multipurpose and communications 
cables 

* nonmetallic-sheathed cable 

* power and control tray cable 

* power-limited tray cable 

* optical fiber cables 

* optical fiber raceways 

e other factory-assembled, multiconductor 
control, signal, or power cables that are 
specifically approved for installation in 
cable trays 

Locations where cable trays are not per- 
mitted include hoistways or where the cable 
tray can be subject to severe physical damage. 


SOLID-BOTTOM 
CABLE TRAY 


CHANNEL 
CABLE TRAY 


When cable trays are used in environmental 
airspaces, the cable tray wiring method must 
be recognized for use in such spaces. 


Cable Tray Installation Guidelines 


Cable tray must be installed to conform 
to drawings and project specifications. 
Installation of cable tray also requires con- 
sideration of structural integrity, grounding, 
bonding, and cable installation. 


Structural Integrity. The NEC? does not 
specify installation requirements for each 
of the various types of cable tray. However, 
the NEC? does provide general cable tray 
installation requirements, applicable to 
all types of cable trays. NEC? installation 
requirements include the following: 

* Supports must be provided to prevent 
stressing cables where they enter or leave 
the cable tray system. 

* Cable tray runs must be completely 
installed before cable or raceways are 
installed. 

* Cable tray covers must be installed as 
required. 

• Cable tray supports must be installed at 
intervals in accordance with tbe instal- 
lation instructions. 

• Sufficient space must be provided and 
maintained around cable trays to permit 
adequate access for installing and main- 
taining the cables. 

* Cable tray edges must be smooth when 
installation is completed. Burrs and 
projections must be removed. 

Cable trays are designed for strength and 
rigidity in order to provide adequate support 
for the cables and raceways they contain. 


Grounding and Bonding. Since cable tray 
can be used as an EGC, it is important to 
install them correctly with specific fittings 
and accessories. Either the metal cable tray 
can act as the EGC, or a separate conductor 
must be installed. Individual EGCS are sized 
in accordance with the NEC?. When joining 
cable tray sections together, either a splice 
plate that meets the minimum requirements 
for maintaining electrical continuity is used 
or a separate bonding jumper is installed. A 
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bonding jumper is a connection between two 
or more portions of equipment grounding. 
Bonding jumpers can be bare, insulated, 
or braided. See Figure 6-45. When using 
a separate conductor inside a raceway, do 
not connect dissimilar metals. For example, 
uninsulated copper conductors should not be 
laid in aluminum raceways. The contact of 
such dissimilar metals can cause unwanted 
corrosion resulting in high resistance. 


$X Bonding Jumpers 


INSULATION 


INSULATED 


BRAIDED 


A splice plate is a plate constructed of the 
same material as a cable tray and is used to 
connect side rails and tray bottoms to form 
a continuous cable tray. Bonding methods 
for cable trays include expansion splice 
plates, horizontal adjustable splice plates, 
cable tray section vertical splice plates, and 
discontinuous splices. See Figure 6-46. 


Cable Installation. Cable tray systems 
can be considerably long. Installing or 
“pulling” cables into any cable tray re- 
quires certain considerations. Care must 
be taken not to damage cable jackets or 
exceed mechanical limitations of the cable. 


Figure 6-45. Bonding 
jumpers can be bare, 
insulated, or braided. 
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Figure 6-46. Bonding 
methods for cable trays 
include expansion splice 
plates, horizontal adjust- 
able splice plates, ver- 
tical splice plates, and 
discontinuous splices. 


ATPeResources.com/QuickLinks 
Access Code: 249878 


Coble Tray Bonding Methods 


VERTICAL SPLICE PLATES 


Installation guidelines for placing cables 
in cable trays include the following: 
Remove all debris from cable tray. Never 
walk on cable tray. 

Use approved cable-pulling tools. 

e Properly space rollers installed in cable 
tray for cable pulling, to prevent cable 
sagging and dragging inside the cable tray. 

* Use of proper-size cable pulling equipment 
in bends and elbows to maintain proper 
bend radii. Ensure the cable puller is securely 
mounted to withstand pulling force. 

* Do not exceed manufacturer's pull- 
ing-tension restrictions. 

* Remove kinks in cable. 


If a kink is discovered in a cable, 
it is recommended to replace the 
entire cable. Kinks can permanently 
damage conductors, resulting in poor 
conductivity and signal loss. 


SUMMARY 


For safety and electrical distribution system 
integrity, conductors must be properly sup- 
ported and protected. Raceways support and 
protect conductors. Several different types 
of raceways are available depending on the 


HORIZONTAL ADJUSTABLE 
SPLICE PLATES 


DISCONTINUOUS SPLICES 


requirements of the application. Technicians 
must be familiar with and able to properly size 
and install the different types of raceways. 

Conduits are circular raceways and are 
available in different material types and trade 
sizes. Conduits can be either metal or nonme- 
tallic. Cutting, bending, and (when applicable) 
threading of conduits are skills that must be 
mastered by commercial and industrial wir- 
ing installers. Other types of raceways that 
technicians must be familiar with include 
underfloor, cellular concrete floor, cellular 
metal floor, surface, and strut-type channel 
raceways. Multioutlet assemblies, wireways, 
auxiliary gutters, busways, and cablebus are 
also considered raceways. 

In addition to meeting NEC® require- 
ments for installation of raceways, techni- 
cians must be knowledgeable of maximum 
fill requirements. The type of raceway and 
the application determine the maximum 
cross-sectional area of a raceway that can 
be filled with conductors. Installers must 
be aware of conductor fill requirements and 
verify that they are not exceeded. 

Cable tray is a constructed frame com- 
ponent often used to support conductors and 
cables in industrial and commercial applica- 
tions. Cable trays are classified by one of their 
several different types of construction. 


Raceway Systems 


Name 


Multiple Choice 


Date 


. Reinforced thermosetting resin conduit (RTRC) is made from reinforced epoxy. 


A. fiberglass 
B. steel fiber 
C. PVC 

D. aluminum 


— is a lightweight tubular steel raceway without threads on the ends. 
A. EMT 


B. FMC 
C. IMC 
D. RMC 


. Conductor fill cannot exceed 96 in underfloor raceways. 


A. 25 
Bol 
C. 40 
D. 60 


. Rigid metal conduit must be securely fastened in place with supports a minimum of 


every __’. 
A. 3 
B. 6 
C. 10 
1.12 


. For three or more conductors installed in conduit, the maximum fill rate is %. 


A 
B. 40 
m3 
D. 60 


. FMC must be securely fastened within ___” of each box, cabinet, conduit body, or 


point at which the FMC terminates. 
A. 6 
B12 
СІ 
D. 24 
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7. A(n) . bend is a bend in conduit made perpendicular to the original length of the 
conduit, with the conduit extending a specified length from the back of the bend. 
A. dogleg 
B. offset 
C. segmented 
D. 90° 


8. Per ће NEC®, ENT has restrictions as to its use. floor(s) above grade. 
A. one 
B. two 
C. three 
D. four 


9. Most nonmetallic raceways are constructed of — . 
A. fiberglass-reinforced epoxy (FRE) 
B. high-density polyethylene (HDPE) 
C. polypropylene (PP) 
D. polyvinyl chloride (PVC) 


10. A___ is a die that is of a certain size and used to fit inside a ratcheting handle. 
A. British die head 
B. drop head die 
C. dual die 
D. universal die head 


11. Unless otherwise marked, LFMC is limited to an operating temperature of — °F 
(EY 
A. 100; 38 
B. 140; 60 
C. 180; 82 
D. 200; 93 


12. Protector caps are colored ___ for RMC sizes 3⁄4 and 11⁄4. 
A. black 


B. blue 
C. green 
D. red 


13. conduit is nonmetallic and intended for encasement in concrete in any location. 
A. LFNC 


B. RTRC 
C. Type A PVC 
D. Type EB PVC 


14. Surface raceway is typically used with lighting, power, and signal circuits of ___ V and 
less. 


A. 208 
B. 300 
C. 500 
D. 600 


Completion 


T5; 


16. 


ive 


18. 


19. 


20. 
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A ____ cable tray that has vertical side rails with evenly spaced horizontal rungs. 
A. channel 


B. ladder 
C. trough 
D. wire-mesh 


А . is an enclosed channel for routing and placing electrical conductors and cables. 
A. conduit 


B. raceway 
C. pathway 
D. wireway 


Conduit nipples have a maximum fill rate of. 96 of their cross-sectional area. 
A. 25 


B. 30 
C. 45 
D. 60 


conduit is particularly resistant to moisture and corrosive environments. 
A. HDPE 


B. RTRC 
C.EBNC 
D. NUCC 


_ cable trays are typically used for low-voltage and low-power applications where 
access to cables is required after installation. 
A. Ladder 


B. Channel 
C. Single-rail 
D. Wire-mesh 


If the construction of a building is such that the EMT cannot be fastened to meet the 
3’ distance requirement, then the distance сап Бе — . 

A. reduced to 11⁄2 

B. reduced to 2” 

C. increased to 5' 

D. increased to 10” 


Because of its flexibility and outer jacket, ^ is used in industrial applications for 
connecting raceway systems to motors, heaters, and other pieces of electrical machinery. 


. Protector caps are colored — for КМС sizes %, 1/2, 2/2, and 3/5. 


. A(n) bend is a double conduit bend with two equal angles bent in opposite directions 


that are used to make a change in elevation in a conduit run. 


. A(n)  isaraceway and its enclosed conductors between the outlet box and a luminaire. 


5. A(n) . busway runs on wheels and brushes or rollers on the busbars to make electrical 
contact. 


6. ___ raceways are designed for installations where conduit use is not approved by the 
NEC® or feasible to install. 


7. _ is a tube or pipe used to support and protect electrical conductors. 


8. A(n)___ is an adjustable die used with a pipe-threading machine to cut threads on rigid 
pipe. 

9. . conductors are two or more conductors that are electrically connected at both ends 
to form a single conductor. 


10. A(n) ___ is a metal raceway laid perpendicular to floor cells and used to distribute 
conductors from electrical cabinets to floor cells and junction boxes. 


11. A(n) is a plate constructed of the same material as a cable tray and is used to connect 
side rails and tray bottoms to form a continuous cable tray. 


12. conduit is nonmetallic conduit intended for encasement in concrete in trenches 
outside of buildings. 


13. A(n) A isa nominal, inch-based designation by the NEC? to be used when sizing 
conduit. 


14. A(n)  isaspecific type construction cable tray consisting of a fabricated, one-piece 
structure. 


15. A(n)___ is a sheet metal or nonmetallic enclosure equipped with hinged or removable 
covers that is used to supplement wiring space. 


16. EMT must be fastened within ___’ of each electrical outlet box, junction box, device 
box, cabinet, conduit body, or any other point where the EMT run terminates. 


17. ___ occurs when a magnetic field produced around a conductor induces voltage into 
the surrounding metal raceway as the magnetic field expands and collapses. 


18. A(n)___ is the most common type of tool used to cut RMC and IMC. 


19. A(n) __ cable tray that has a center rail or a rail for wall mounting. 


20. ___is the property of conduit that causes it to unbend slightly after a bend is completed. 
True-False 
T F 1. Although FMC is a metal raceway, it is not considered to be safe to use as an EGC. 
T F 2. A single-rail cable tray has a solid metal bottom and a solid cover, and is nonventilated. 
T F 3. Wireways can be concealed or mounted on a surface. 
T F 4. Protector caps are colored blue for RMC sizes 1, 2, 3, 4, 5, and 6. 
aD F 5. ENT is pliable enough to be bent by hand without the use of tools. 
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. Underfloor raceways can be installed in most hazardous locations or Class I, Division 


П locations. 


. When the NEC? uses the term “conduit,” it defines only those raceways that contain 


the word “conduit” in their titles. 


. RNC Schedule 40 and Schedule 80 PVC cannot be buried underground, encased in 


concrete, or used where exposed to sunlight. 


. IMC has thinner walls and does not offer the same amount of physical protection to 


conductors as RMC does. 


. If a conduit is electro-galvanized, then only the outside surface has a zinc coating. 
. Conduit that is joined with couplings must not have running threads. 
. Cable trays must be made from a noncorrosive material. 


. Metal raceways cannot be used as an equipment grounding conductor (EGC). 


LFNC-A and LFNC-C can be used for lengths longer than 6’. 


. Trade size ⁄2 ВМС must be bent with a 34" EMT conduit bender. 


. Jamming often occurs when more than three conductors are pulled into a raceway. 


Ladder cable trays are also referred to as "ventilated cable trays" because of evenly 
spaced openings in the bottom of the cable tray. 


. Steel conduit can be joined to aluminum conduit with either steel or aluminum fittings. 
. Rigid nonmetallic conduit is bent by applying heat to the conduit. 


. A trade size is an SI system number designated by the NEC? to be used when sizing 


conduit. 


. Bonding jumpers must be insulated. 


Cable trays must not be used as a walkway. 


. A common application for FMT is to supply luminaires mounted in suspended ceilings. 


. Conductor fill is the total amount of conductors inside a raceway ranging from 5% to 


90%. 


Cable trays are not permitted to be installed in hoistways. 


Short Answer 


1. List five exceptions to the 4% support requirement for FMC. 


2. List the three different types of LENC. 


3. List nine different types of special purpose raceways. 
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4. List six types of cable trays. 


List the corresponding trade size for each metric designator. 
5. Metric designator 12 = trade size — . 
6. Metric designator 16 = trade size — 
7. Metric designator 21 -tradesize — . 
8. Metric designator 27 = trade size___. 
9. Metric designator 35 = trade size — . 

10. Metric designator 41 = trade size — . 
11. Metric designator 53 = trade size — 
12. Metric designator 63 = trade size — . 
13. Metric designator 78 = trade size___. 
14. Metric designator 91 = trade size___. 
15. Metric designator 103 = trade size — 
16. Metric designator 129 = trade size — 


17. Metric designator 155 = trade size — . 


Cable Tray Types 
ee eS 
eee ee ee. Ladder, 
. Single-rail ® 
©) 


. Solid-bottom 


. Trough 


A Un Ro N e 


. Wire-mesh 


Bonding Jumpers 


1]. Bare 
2. Braided 


3. Insulated 


GREEN 
INSULATION 


Cable Tray Bonding Methods 


. Cable tray section vertical splice plates 
. Discontinuous splices 


. Expansion splice plates 


> U N = 


. Horizontal adjustable splice plates 


List and describe various types of 
enclosures and their ratings. 


Describe common steps and consid- 
erations when installing enclosures. 


List and describe various types of 
boxes and their accessories. 


Describe common steps and consid- 
erations when installing boxes. 
Determine the required box size 


based on box $i 


Describe conduit bodies and their 
installation considerations 


List and describe various types of 
conduit fittings and how they are 
nstolled 


E! pm o гг ЕГА 


An enclosure is a housing or structure sur- 
rounding electrical equipment that provides 
protection to personnel and the equipment. 
Electrical components and devices such as 
relays, conductors, and wiring terminals 
must be safely and suitably enclosed in 
order to function properly after installation. 
The МЕС? also requires protection from 
accidental contact with energized equip- 
ment such as conductors and terminals that 
could result in electric shock. Enclosures 
must be able to withstand the environment 
in which it is installed. Enclosures used in 
most industrial and commercial applications 
are constructed of metallic material because 
they must be able to withstand high-level 
voltages, current, and arc-flash hazards and 
physical damage. See Figure 7-1. 
Enclosures are specified based on ratings 
by various standards and codes. Enclo- 
sure types include cabinets, cutout boxes, 
panelboards, and meter socket enclosures. 


Commerciatandindustnatwirnng requires installation of devices 
such as electrical enclosures, boxes, and conduit bodies апа 
fittings. installation of electrical.equipment consists of sizing 
locating, and mounting of enclosures, boxes; conduit bodies 
and fittings, Technicians must know what types of devices are 
required for an installation, how to select the correct device, 
and how to properly install each type of device. technicians 
must be familiar with device construction, device materials 
and be able to identify and install proper device accessories 


Incorrect installations can result in rework o 


hazards 


Enclosures are designed and constructed to 
prevent accidental contact with energized 
parts. Enclosures are installed according to de- 
sign and construction specifications. Control 
equipment, switches, instrument transform- 
ers, meters, and overcurrent protective devices 
such as fuses and circuit breakers must be 
installed in enclosures. Enclosures provide 
the space required to mount all components, 
conductors, and devices without exceeding 
NEC® space requirements. Enclosures can be 
classified by method of enclosure mounting, 
method of enclosure door mounting, and the 
type of equipment the enclosure can house. 


Nonmetallic enclosures are available | 
for use in low-voltage applications | 
such as telephony, security, and fire 

alarm systems. Nonmetallic enclo- | 


sures are typically composed of PVC. | 
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» Enclosures 


UNENCLOSURED 
MOTOR STARTER 


CONDUIT HOUSING 
ENERGIZED CONDUCTORS 


INDUSTRIAL METAL 
ENCLOSURE 


ENCLOSURE DOOR | 
S 


SS 


ENCLOSURE WITH 
DOOR CLOSED 
PROTECTS 
PERSONNEL FROM 
ELECTRIC SHOCK 


Figure 7-1. An enclosure prevents personnel from accidentally contact- 
ing energized parts and protects equipment from physical damage. 


Enclosure Rating Specifications 


The Canadian Standards Association 
(CSA), International Electrotechnical 
Commission (IEC), and Underwriters Lab- 
oratories (UL) issue standards for enclosure 
ratings specifications. In addition to the 
CSA, IEC, and UL, the National Electrical 
Manufacturers Association (NEMA) pro- 
vides a set of standard enclosure types based 
on the environment the enclosure must 
withstand. Most enclosures are classified to 
meet NEMA specifications based on their 
ability to protect the enclosed equipment 
against different types of exposures such as 
falling dirt, rain, sleet, snow, ice, windblown 
dust, ice formations, hose-directed water, 
and corrosion. 

NEMA also classifies enclosures for use 
in hazardous locations as classified by the 
NEC?, Technicians must verify that the 
enclosure type is suitable for the installa- 
tion environment. The enclosure type can 
be verified by referencing manufacturer's 


instructions or nameplate on the enclosure. 
See Figure 7-2. Knowledge of NEMA 
specifications is required to make the cor- 
rect enclosure selection, as environmental 
information for the enclosure installation 
location may not be readily available to 
technicians. 

Certain installation environments can be 
hazardous. For example, sparks from the 
operation of electrical equipment can result 
in an arc flash hazard. The NEC® classifies 
certain locations as hazardous (classified) 
locations. Other locations are classified as 
nonhazardous. Equipment installed in any 
location must be suitable for the environ- 
ment that it occupies. NEMA enclosures are 
classified for service conditions and indoor 
or outdoor locations. See Figure 7-3. 

Enclosures can also be listed for use 
in severe environmental conditions. En- 
closures listed as rainproof, raintight, or 
watertight can provide weatherproof pro- 
tection under varying weather conditions. 
A rainproof enclosure is an enclosure in 
which a beating rain cannot interfere with 
the operation of the apparatus or result 
in wetting of live parts and wiring within 
the enclosure. A raintight enclosure is an 
enclosure in which exposure to a beating 
rain cannot result in entrance of water. 
A watertight enclosure is an enclosure 
in which water does not enter when the 
enclosure is subjected to a stream of water. 


Most NEMA enclosures are available 
with a padiock hasp for locking the 
cover and a pocket on the inside of 
the cover to store manadatory circuit 
diagrams. 


Enclosures can also be listed as 
corrosion-resistant, driptight, or dusttight. 
A corrosion-resistant enclosure is an 
enclosure constructed to provide protec- 
tion against exposure to corrosive agents. 
Corrosion-resistant enclosures can be 
used in applications such as an exposure 
to salt spray. A driptight enclosure is an 
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enclosure that does not allow falling mois- — A dusttight enclosure is an enclosure that 
ture or dirt to enter the enclosure. Driptight does not allow circulating or airborne dust 
enclosures can be used in applications such to enter the enclosure. Dusttight enclosures 
as indoor industrial control panels where сап be used in applications such as outdoor 
there is exposure to dripping or light splash- installations where they are subject to wind- 
ing of liquids or excessive condensation. blown dust. See Figure 7-4. 


Figure 7-2. Enclosure in- 
formation can be locat- 
ed by referencing the 
MANUFACTURER MODEL NUMBERS manufacturer’s name- 


plate on the enclosure. 


ENCLOSURE 
CLASS SQUARE D COMPANY 


ТҮРЕ FORM 


DISCONNECT RATING AMP SERE АЫ 


SERIAL 
NUMBER 


PLANT 


MADE IN USA 


ENCLOSURE MANUFACTURER LOCATION 


NEMA ENCLOSURE CLASSIFICATION 
Service Conditions Tests Cammernts 


EM 7 РЕ IN "i i ita 
Outdoor Windblown dust, rain, sleet, and ice Rain, external icing, dust, 
on enclosure and rust resistance 
3R Outdoor Falling rain and ice on enclosure Rod entry, rain, external Does not provide protection against dust, 
icing, and rust resistance | internal condensation, or internal icing 
Indoor/Outdoor Windblown dust and rain, splashing Hosedown, external icing, | Does not provide protection against 
water, hose-directed water, and ice and rust resistance 
on enclosure 


Corrosion, windblown dust and rain, Hosedown, external icing, 
splashing water, hose-directed and corrosion resistance 
water, and ice on enclosure 


resist corrosion 


Does not provide protection against 


internal condensation or internal icing 


Indoor/Outdoor 


Hosedown, external icing, | Does not provide protection against 
corrosion resistance, internal condensation or internat icing 
and air pressure test 


Indoor/Outdoor Occasional temporary submersion at 


a limited depth 


Does not provide protection against 
internal condensation or internal icing 


Hosedown, external icing, 
corrosion resistance, 
and air pressure test 


Indoor/Outdoor Prolonged submersion at a limited 


depth 


Explosion, hydrostatic, and | Enclosed heat-generating devices shall 
temperature not cause external surfaces to reach 
temperatures capable of igniting 
explosive gas-air mixtures in the 
atmosphere 


Withstand and contain an internal 
explosion of specified gases, contain 

an explosion of specified gases, contain 
an explosion sufficiently so an 
explosive gas-air mixture in the 


Indoor locations classified as 
Class !, Groups A, B, C, or D, 
as defined in the МЕС® 


atmosphere is not ignited 
Enclosed heat-generating devices shall | 
not cause external surfaces to reach 
temperatures capable of igniting 
explosive gas-air mixtures in the 


dient, atmosphere 


12 Indoor Dust, falling dirt, and dripping Drip, dust, and rust Does not provide protection against 
noncorrosive liquids P resistance internal condensation 

13 Indoor Dust, spraying water, oll, and — Oil explosion and rust Does not provide protection against 
noncorrosive coolant resistance internal condensation 


Figure 7-3. NEMA enclosures are classified for service conditions and indoor or outdoor locations. 


Dust penetration, 
temperature, and gasket 
aging 


Indoor locations classified as 
Class 11, Groups E or О, as 
defined in the NECS 


2 


Raintight 


Weatherproof 
Driptight 


Corrosion-Resistant Constructed to prevent damage from corrosive atmospheres. 
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Constructed to prevent entrance of moisture into an enclosure. 


Constructed to prevent weather from interfering with operation of apparatus in an enclosure. 


Constructed to prevent falling moisture and dirt into an enclosure. 


Constructed to prevent dust from entering the enclosure. 


Figure 7-4. Enclosures can be listed for use in severe environments. 


Fences and Walls. While often not part 
of actual electrical equipment installation 
work, fences or walls surrounding an 
installation can be considered an enclo- 
sure. Technicians must be aware of the 
function fences and walls provide in terms 
of providing protection from electrical 
hazards. Technicians must be alert to any 
installation activity that can compromise 
the integrity of fences and walls such as 
digging, drilling, and cutting operations. 
Gates must be locked as required and 
signs must be in place. Fences and walls 
must be structurally sound. 

Commercial and industrial wiring proj- 
ects can require the installation of bonding 
jumpers on metal fences and walls. Bonding 
jumpers are used to ground metal components 
and devices to protect personnel from electri- 
cal shock. See Figure 7-5. Electrical circuits 
are grounded to safeguard equipment and 
personnel against the hazards of electrical shock. 

Proper grounding of electrical tools, 
machines, equipment, and delivery systems 
is one of the most important factors in 
preventing hazardous conditions. Ground- 
ing is the connection of all exposed non- 
current-carrying metal parts to the earth. 
Grounding provides a direct path for unwant- 
ed (fault) current to the earth without causing 
harm to persons or equipment. Grounding is 
accomplished by connecting the circuit to a 
metal underground pipe, a metal frame of a 
building, a concrete-encased electrode, or a 
ground ring. 


SEVERE ENVIRONMENT CLASSIFICATIONS 
4 Sywhereniol Concilions 


Constructed to prevent entrance of water into an enclosure from a beating rain. 


Constructed to prevent rain from interfering with operation of apparatus in an enclosure. 


Cabinets, Cutout Boxes, and Meter 
Socket Enclosures 


A cabinet is a flush or surface-mounted en- 
closure used for housing electrical compo- 
nents, devices, and conductor connections. 
Cabinets typically contain conductors and 
overcurrent protective devices, such as 
circuit breakers, for branch circuits. Cab- 
inets are constructed from sheet metal for 
strength and rigidity. A hinged or removable 
door is attached to a metal trim plate, which 
is screwed or bolted to the cabinet. Cabinets 
are required by the NEC® to have sufficient 
space to house electrical equipment and 
have the ability to close the cabinet door 
when equipment is in any position. 

A cutout box is a surface-mounted electri- 
cal enclosure that houses fuseholder blocks, 
fuses, and circuit breakers. Cutout boxes are 
designed for surface mounting, with a hinged 
door or removable cover mounted directly on 
the box. Cutout boxes typically contain wiring 
and the electrical devices such as switches, 
fuses, and transformers required for an in- 
stallation. Cutout boxes must be listed for the 
environment in which they are to be installed 
as referenced by the NEMA Type enclosure 
designation. For example, a NEMA Type 3R 
cutout box is commonly used for commercial 
and industrial installations because it protects 
against falling dirt, rain, sleet, and snow. A 
NEMA Type 3 enclosure will not be damaged 
by external ice formations and can protect 
against accidental contact with energized 
parts by personnel. - 


The terminology associated with 
branch-circuit protective devices 
and related enclosures is often a 
point of confusion when describing 
electrical equipment and systems. 
Slang terms used to describe elec- 
trical panelboards such as "breaker 
panel” or “circuit breaker panel” are 
incorrect terms and should not be 
used, as they are not accurate. 


A meter socket enclosure is an enclosure 
used to house an electric utility meter. Meter 
socket enclosures are not considered part 
of the service equipment. Local utilities 
have specific requirements for meter socket 
enclosures such as requiring the enclosure 
be NEMA Type 3R or have certain open- 
ing size requirements for utility conductor 
entry. Meter socket enclosures can be 
individual NEMA-rated enclosures, me- 
tering cabinets, or metering compartments 
located in switchgear, switchboards, and 
panelboards. See Figure 7-6. 


Panelboards 

A panelboard is an electrical panel, or group 
of panels designed to form a single panel, 
that is contained in a cabinet or cutout box. 
Panelboards are placed in or on a wall and 
accessible only from the front. Panelboards 
can be a single panel or group of assembled 
panels with buses and overcurrent pro- 
tection devices, which can have switches 
to control light, heat, or power circuits. 
Panelboards typically come preassembled 
inside of a cabinet or cutout box. The most 
common panelboard application is a pre- 
assembled electrical assembly inside of a 
cabinet. In locations such as commercial 
office space, a preassembled panelboard 
cabinet can be mounted flush with a finished 
wall for a neat, professional appearance. In 
industrial locations, panelboards are often 
surface mounted on walls, supporting steel 
frames, or racks specifically designed and 
constructed for the mounting of electrical 
equipment. See Figure 7-7. A panelboard 
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can be single-phase or three-phase depend- 
ing on the type of distribution system in 
which it is installed. 


> Bonding Jumper Connections 


CONNECTORS 


METAL PIPE 


BONDING 
JUMPER 


Figure 7-5. Grounding can be accomplished by connecting a bonding 
jumper to a metal pipe, a metal frame of a building, a concrete-en- 
cased electrode, or to a ground ring. 


"t Meter Socket Enclosures 


" 


MAIN SERVICE 
DISCONNECT SWITCH 


RACEWAYS TO 
INDIVIDUAL SERVICES 


INDIVIDUAL 
SERVICE 
DISCONNECT 
SWITCHES 


COMMERCIAL 
SWITCHGEAR 


ACCESS DOOR FOR SERVICE METER ENCLOSURES 
ENTRANCE CONDUCTORS WITH METERS INSTALLED 


Figure 7-6. Meter socket enclosures house utility electric meters and 
can be located in switchgear and metering cabinets. 
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Figure 7-7. A panelboard 
is an electrical panel 
or group of panels de- 
sighed to form a single 
panel contained in a 
cabinet or cutout box. 


Panelboards 


A power panelboard was a term used in 
previous editions of the NEC? to describe 
a panelboard that uses 10% or less of its 
overcurrent devices to supply lighting and 
appliance branch circuits. A lighting and 
branch circuit panelboard was described in 
previous editions of the NEC? as different 
from a power panelboard because more than 
10% of its overcurrent devices are rated 15 A, 
20 A, or 30 A and supply circuits with a 
grounded (neutral) conductor. Many fa- 
cilities label panelboards supplying larger 
loads with “PP” and panelboards supplying 
lighting and receptacle-type loads with 
"LP". Panelboard designs are different 
and each panelboard must be installed 
for specific applications to comply with 
NEC® requirements. 

АП panelboard enclosures and frames 
of panelboards must be grounded. 
Panelboards can be grounded by connec- 
tion to metal raceways or metal sheath 
cable assemblies, which are recognized as 
equipment grounding conductors (EGCs). 


ELECTRICAL CABINET 


PREASSEMBLED 
ELECTRICAL ASSEMBLY 


If nonmetallic conduit is used, such as 
PVC, an EGC must be routed with the 
feeder conductors. 

When a panelboard is used as service 
equipment, the EGC terminal bar and the 
neutral terminal bar must be bonded to the 
panelboard case along with the grounding 
electrode conductor (GEC). In equipment 
other than service equipment, the EGC 
terminal bar and the neutral terminal bar 
must not be connected and bonded togeth- 
er in the panel enclosure. The neutral bar 
must be isolated from the panelboard case 
and the EGC terminal bar must be bonded 
to the panelboard case. See Figure 7-8. 


Electrical connections in a panelboard 
can be either line connections that 
include termination and routing of ser- 
vice conductors or load connections 
fhat include termination and routing 
of branch-circuit conductors. 
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Figure 7-8. All panelboard enclosures and 
frames of panelboards must be grounded. 


-* Cable Clamps 
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Enclosure Installation 


Electrical equipment, cabinets, cutout boxes, 
and meter socket enclosures must be suitable 
for use in the environment in which they are 
installed. For example, enclosures installed 
in wet locations must be weatherproof. In 
damp or wet locations, surface mounted 
metal enclosures must be mounted with at 
least 1⁄4” of space behind the enclosure. 

If a wall is made of noncombustible ma- 
terial such as concrete or metal, the cabinet 
must be installed so that the front edge of 
the cabinet is not set back more than М” 
from the finished wall surface. If the wall 
is constructed of combustible material such 
as wood, the cabinet must be flush with the 
finished wall surface. 

Care must be taken when routing cables 
and conductors into enclosures. Conductors 
must be protected from abrasion. Cables 
routed to enclosures must be secured 
through the use of support brackets and 
cable clamps. See Figure 7-9. Only when 
clamps or connectors are listed for use with 
multiple cables can more than one cable be 
placed under a clamp or connector. 


Figure 7-9. Cables routed 
to enclosures must be 
secured through use of 
support brackets and 
cable clamps. 
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The NEC? requires that cabinets, cut- 
out boxes, meter socket enclosures, and 
panelboards be installed in a neat and 
workmanlike manner. Enclosures must be 
mounted true, level, plumb, and properly 
supported. Proper support includes the 
use of a hammer drill to drill a hole in a 
concrete block wall and the insertion of 
a drop-in type anchor into the hole. The 
anchor is set in place with a hammer and 
setting tool to firmly lodge the anchor in 
the hole. The enclosure is placed on the 
wall and the appropriate size bolt is placed 
through a hole in the enclosure and then 
threaded and tightened in the anchor, which 
securely fastens the enclosure to the wall. 
Per the NEC®, the use of wooden plugs in 
masonry is forbidden for securing electrical 
enclosures. 

Industrial and commercial enclosures 
are typically constructed of cold rolled 
steel for indoor use and galvanized steel 
for indoor and outdoor use. A knockout is 
a prestamped round indentation punched 
into an electrical box that can be removed 
to create a passage for conductors. Knock- 
outs are provided to allow installation of 
conduit and cable fittings. Knockouts can be 
removed prior to mounting or after the en- 
closure is mounted. Enclosures can contain 
single-ring and/or multiple-ring knockouts. 
See Figure 7-10. Knockouts are sized to 
match standard connector trade sizes. 

To remove a single-ring knockout, the 
knockout is struck at the point farthest 
from the tie (place where the knockout is 
connected to the enclosure) and bent back 
and forth to break the tie. To remove a 
multiple-ring knockout, the small center 
knockout is removed the same way as a 
single-ring knockout. If a larger opening is 
required, each additional ring is removed 
one at a time by prying it with a screwdriver 
and bending it back and forth with pliers. 

Knockouts that are removed but left un- 
used must not be left open at the end of the 
installation. Knockout seals are available 
that cover the hole, but can be removed 
later if needed. Some simply snap into the 
opening and others use threaded fasteners. 


Removing Knockouts 


MULTIPLE-RING KNOCKOUT 


Figure 7-10. Knockouts are provided to 
allow installation of conduit and cable 
fittings and can be removed before or 
after the enclosure is mounted. 


The NEC? provides specific require- 
ments regarding dedicated equipment space 
and minimum working space for electrical 
equipment. The purpose of dedicated 
equipment space is to provide for access to 
electrical equipment once installed and to 
minimize the possibility of physical damage 
to the equipment. The purpose of minimum 
working space requirements is to provide 
safe and adequate room for operation and 
maintenance of equipment. For example, 
there must be 3' of workspace near an en- 
closure. The mounting of the equipment can 
establish requirements for dedicated equip- 
ment space around the enclosure. When 
installing equipment, refer to the NEC? and 
other applicable codes and specifications 
to verify that installation requirements are 
met. See Figure 7-11. 
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Figure 7-11. The NEC? requires a minimum 
working space of 3' in front of the equip- 
ment and an airspace of М” between the 
enclosure and the wall. 


BOXES 


A boxis a device that is used to provide access 
points for routing conductors into raceways 
and conduit for termination of cable systems. 
Boxes also provide safety for personnel 
and protection for equipment. For example, 
devices such as switches and receptacles are 
installed in electrical boxes to provide safety 
and protection of equipment. Per NEC? 
requirements, technicians must determine 
the correct type of box for the location and 
environment. Boxes are classified by type, 
construction, and installation location. Boxes 
can be used for outlets, devices, and junctions. 
Boxes must be sized according to the size of 
the conductors or devices housed. Pull boxes 
and junction boxes are points in the electrical 
system that provide access to the conductors 
in the raceways. 


Box Types 

Boxes used for commercial and industrial 
electrical installations are available in several 
different types. An outlet box is a box installed 
at the point in the distribution system where 
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current supplies utilization equipment. Out- 
let boxes are used for installations such as 
lampholders or luminaires. A device box is 
a box used to house an electrical device. De- 
vice boxes typically house electrical devices 
such as switches and receptacles. Switches 
and receptacles are mounted with two #6-32 
Screws to a device box. Number 6-32 screws 
are used with device boxes only because they 
are not strong enough to support luminaires 
and other larger utilization equipment. Outlet 
boxes typically use larger screws for mounting 
purposes. See Figure 7-12. 


Box Types 


POWER 
SOURCE 


OUTLET BOX 


DEVICE 


А box commonly used in industrial and 
commercial installations is a utility box, 
which is sometimes called a “handy box.” 
A utility box (handy box) is an electrical 
box with rounded corners that can be used 
to mount switches or receptacles, or used 
as a junction box to splice conductors. 
Utility boxes are commonly used for ex- 
posed, surface-mounted applications such 
as mounting a switch on a concrete block 
wall. See Figure 7-13. Utility boxes can 
be surface-mounted or flush-mounted but 
are typically used when routing exposed 
installations. Utility boxes are available 
with knockouts of trade sizes 25, ?4, and 1. 


Figure 7-12. Boxes used 
for commercial and in- 
dustrial electrical instal- 
lations are available in 
several different types. 
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Figure 7-13. A commonly 
used box in commercial 
and industrial applica- 
tions is the utility box, 
which is also called а 
“handy box." 
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Boxes are also used to house vertical con- 
ductor supports. A vertical conductor support 
is a tapered fiber bushing installed at the end 
of conduit where the conduit enters a box. 
For example, boxes house vertical conductor 
supports in high-rise buildings because the 
weight of heavy feeder conductors can pro- 
duce severe strain on conductor terminations. 
The downward pull from the weight of the 
conductors helps to seat the bushing in the 
conduit and provide support for conductors. 
See Figure 7-14. 


Box Construction 


Different options are available when selecting 
boxes for electrical installations. Understand- 
ing basic requirements for materials used, 
grounding requirements, and the type of pro- 
tective box cover used aid in proper selection 
and installation of boxes. The manufacturer’s 
name or logo is marked on the box and cover. 


UTILITY BOX 


UTILITY BOX COVERS 


KNOCKOUTS 


RIGHT SIDE VIEW 


SWITCH 
PLATE 


Boxes used in industrial and commercial 
applications are typically made of cold-rolled 
steel with a galvanized or polyester-coated fin- 
ish. Depending on the application, aluminum, 
malleable iron, brass, bronze, stainless steel, 
or zinc can be used. Galvanized sheet-metal 
boxes are the most commonly used boxes in 
industrial and commercial applications. The 
galvanized finish helps prevent corrosion. If 
not galvanized, metal boxes must be coated 
or enameled for resistance to corrosion and 
chemicals. Metal boxes may be coated with 
a polyester powder coating that is baked onto 
the metal. 

Metal boxes are available with varying 
dimensions and shapes for use with different 
applications. Octagonal boxes are used as 
outlet boxes because their shape often makes 
them convenient for the installation of lumi- 
naires or lighting fixtures. Square boxes are 
used in conduit runs for splicing conductors, 


2.25” to = 
2.50" 


BUSHED 
HOLE 


allowing access to conductors during instal- 
lation, and for branching off in a conduit run 
to supply additional circuits. Unlike octagonal 
boxes, square boxes are available with dif- 
ferent depths. Square boxes are available in 
sizes 4" x 4" x 1.50" or 4.6875" x 4.6875" x 
2.125". Some square boxes are manufactured 
with holes for mounting wiring devices such 
as switches and receptacles. 


Box Accessories. Metal boxes have various 
accessories to facilitate conductor installa- 
tion. Box clamps are available for the type 
NM or type AC cable. Holes are provided 
for clamp-mounting purposes. Box covers 
are designed to permit mounting of devices 
such as switches or receptacles. Extension 
rings are used to extend the face of the box 
and increase box volume. Various styles of 
cover plates are available to suit the applica- 
tion of the box. For example, a faceplate can 
be used to cover a box that does not have an 
electrical component or device connected to 
it. Metal covers are manufactured for each 
type and size of box, and it is important to 
verify that the proper size and type of metal 
cover is installed. A metal cover must be the 
same thickness and material type as the box 
it is used with. The most common cover is 
a galvanized metal cover with a galvanized 
metal box. See Figure 7-15. 


Some exceptions exist for the use of 
covers of different materials than the 
box material. A cover of a different 
material can be used if the cover is 
lined with an insulating material or if 
the cover is specifically listed for use 
with that type of box. 


Some device boxes can be joined 
(“ganged”) together. For example, it may be 
necessary to join two switch boxes together 
above a workbench to allow for the mounting 
of a 125 V receptacle and switch for lighting. 
By removing adjacent sides of each device 
box, screws can be used to join, or "gang," 
the boxes together to provide adequate space 
for both devices. See Figure 7-16. 
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Verical Conduclor Supports 
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Figure 7-14. Vertical conductor supports are tapered fiber bushings 


installed in the end of conduit where the conduit enters the box. 


Box Accessories 
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Figure 7-15. Metal boxes have various accessories to facilitate con- 


ductor and raceway installation. 
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Figure 7-16. By removing adjacent sides of each device switch box, 
screws can be used to join, or "gang," the boxes together to provide 


for two devices. 


Wet Location Boxes. Boxes and receptacles 
for industrial and commercial applications 
can be located in wet locations, such as 
outdoors. Boxes and covers used in wet 
locations must be listed for that purpose. 
Boxes with covers installed must form a 
weatherproof enclosure. Always verify that 
boxes and covers are in compliance with 
NEC? requirements prior to installation. 
An FS box is a surface-mount shallow box 
that provides for the installation of devices. 
An FD box is a surface-mount deep box 
that provides for the installation of devices. 
With the proper cover installed, either type 
of box can be used to provide weatherproof 
protection. 

The type of cover used for a 15 A or 
20 А receptacle outlet box depends on the 
location where the box is installed. Outlet 
boxes in damp locations require the use of 
a weatherproof cover that only needs to be 
weatherproof when there is no plug in the 
receptacle and the receptacle door is closed. 


When an attachment plug is plugged into 
such a receptacle, the receptacle will be 
exposed to the environment. For example, a 
maintenance receptacle mounted in a damp 
location such as under a porch overhang 
requires a weatherproof cover. 

An in-use weatherproof receptacle cover 
is a device box cover for use in wet locations 
in applications where the load may remain 
plugged into the receptacle and be left un- 
attended. In-use weatherproof receptacle 
covers are used with all 120 V/20 A and 
120 V/15 A outdoor receptacles. An in-use 
receptacle cover must be mounted on the 
box to maintain the enclosure as weather- 
proof, even with an electrical component or 
device plug inserted into the receptacle. For 
example, landscape lighting transformers 
are plugged into outdoor receptacles that 
have an in-use weatherproof receptacle 
cover. See Figure 7-17. 
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Figure 7-17. An in-use receptacle cover is 
а device box cover used in wet locations 
for 120 V applications where the load 
remains plugged into the receptacle and 
unattended. 


Box Grounding Means. Metal boxes are 
required to have the means to attach an EGC. 
If a box becomes energized due to a ground 
fault, an EGC bonds the box to help provide a 
low-impedance fault path for current to travel 
back to the power source. Nonmetallic boxes 
do not require bonding to the box since the 
box cannot become energized. 

А box can become energized through 
several different situations. For example, a 
wire nut that has not been properly tightened 
(torqued) can loosen, allowing an energized 
ungrounded conductor to touch the metal box. 
Moisture can enter a box, allowing a path of 
current to travel from energized conductors 
to the box. Insulation can be damaged, ex- 
posing an energized conductor. A box can 
be damaged after installation, such as by a 
forklift inadvertently backing into a box that 
is mounted on a wall. When a box becomes 
energized, the current must be safely returned 
to the power source in sufficient quantity to 
trip the circuit breaker. If an EGC is not at- 
tached to the box for bonding purposes, there 
is potential for shock and fire hazards. 

Manufacturers of most metal boxes supply 
a size 10-32 tapped hole to be used specifi- 
cally for bonding purposes. The size 10-32 
hole often has stamped adjacent to it "GR" 
or “СЕР” to indicate that it is the location 
where the EGC is to be attached. An EGC can 
be prefabricated in 6" lengths out of 12 AWG 
green insulated stranded conductors with 
spade lugs attached for ease of installation. 
А green-colored screw specifically designed 
for grounding and bonding can be used to 
attach an EGC to the metal box. Grounding 
clips are also available to attach an EGC to 
the side of the box. Per the NEC®, sheet metal 
screws must never be used to attach an EGC 
because they do not provide firm seating of 
the conductor to the box. See Figure 7-18. 


Equipment grounding conductors 
that are installed in metal boxes are 
commonly referred to as “pigtails.” 
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Box Grounding Means 
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Figure 7-18. Box grounding means include grounding screws, prefab- 


ricated EGCs, and grounding clips. 


Box Installation 

Boxes must be installed to meet the require- 
ments of the NEC®. For example, the max- 
imum amount of bend angles between pull 
points in conduit runs cannot exceed 360°. 
The technician must be able to be access 
conductors as they pass through the box to 
facilitate the routing process and minimize 
the amount of stress placed on the conduc- 
tors. Boxes must be located so that they are 
accessible. Accessible boxes can be removed 
or exposed without damaging the building 
structure or finish. Accessible boxes are not 
permanently closed in by the structure or 


PREFABRICATED 


PREFABRICATED 
EGC ATTACHED 


GROUNDING 


CLIP 
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finish of the building. To be accessible, boxes 

cannot be mounted behind finished walls, 

under a finished grade, or in outdoor, under- 
ground installations. 

Boxes located above suspended ceilings 
are permitted since they are considered to 
be accessible. The ceiling panels can be 
removed without damaging the structure or 
finish of the building and, since the panels 
are removable, they do not permanently 
close in the wiring and boxes. Box instal- 
lation guidelines also include the following: 
* Boxes must be installed in compliance 

with NEC? specifications. 

* Boxes must be installed in a neat and 
workmanlike manner. 

* Boxes can only be installed at conduc- 
tor splice points, outlet points, switch 
points, junction points, termination 
points, or pull points. 

* Boxesinstalled in wet locations must be 
listed for use in wet locations. 

* Boxes installed in hazardous locations 
must be explosionproof or listed for use 
in hazardous locations. 

Boxes are not required where splices and 
terminations are made in cabinets or cutout 
boxes or in a motor controller or motor con- 
trol center. For certain applications, splices 
can be made in conduit bodies rather than 
in boxes. 


Box Mounting. Boxes must be mounted 
in place plumb, level, and true. Once a 
box is mounted, care must be taken not to 
let foreign debris such as dirt, dust, and 
residue from building materials enter the 
box. If foreign debris does get in the box, 
the box must be cleaned out before wiring 
installations can proceed. 

Depending on the type of installation, 
different types of brackets are available 
to mount boxes. Per NEC? requirements, 
the use of wooden plugs driven into ma- 
sonry, concrete, or plaster to help secure 
the box is forbidden. Only brackets listed 
for use with applicable box types can 
be used. Once the wiring installation is 
completed, cover plates must be installed 
on junction boxes, pull boxes, and device 


boxes. Unused knockout openings must 
also be plugged with knockout seals. See 
Figure 7-19. 


Failure to use the correct type of en- 
closure in any location can result in 
problems such as shock hazards, short 
circuits, and power failures during the 
life of the installation. 


Mounting heights of device box- 
es can vary, depending upon the pur- 
pose of the box. Electrical construction 
drawings and specifications provide de- 
tails for mounting heights. Switch- and 
receptacle-mounting heights on walls may 
be specified in project documentation. If 
project documentation is not available, 
the standard mounting height used for 
receptacles is 18", and for wall switches 
the height is 48". See Figure 7-20. 
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Figure 7-19. Unused knockout openings 
must be plugged with knockout seals. 
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When performing work on a com- 
mercial or industrial job site, if may 
be necessary to coordinate conduit 
and box installation with the work of 
other tradesworkers such as plumb- 
ers, HVAC installers, ironworkers, 
carpenters, welders, drywall installers, 
and painters. 


After a box is installed, conductors are 
pulled into the box. There must be sufficient 
lengths of exposed conductor to complete 
splices to other conductors or termination to 
devices. There must be a minimum length 
of 6” of exposed conductor from the point 
where the conductor enters the box, with a 
minimum length of 3” of exposed conductor 
extending beyond the front of the box. If a box 
is larger than 8” in any dimension, a minimum 
exposed-conductor length requirement of When multiple boxes are to be installed close together, consideration 
6” applies. See Figure 7-21. should be given to spacing and alignment. 


— —— ee a m——— 


„Device Box Mounting Height 


CLOCK OUTLET 
CENTERED ABOVE 
DOORWAYS 


MANUAL 
FIRE 
SWITCH-, THERMOSTAT PUSHBUTTON - RIS 


RECEPTACLE 


T = 96” 
jo} | 


GENERAL- 
PURPOSE — 
RECEPTACLES | | Me 
COUNTERTOP |. OF EQUIPMENT 


MITES WORKBENGH| © 


| SPECIAL- 
PURPOSE 
RECEPTACLE 


FINISHED FLOOR 


Figure 7-20. Mounting heights for device boxes are typically from the finished floor to the center of the device. 
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Figure 7-21. There must 
be sufficient lengths of 
exposed conductor to 
complete splices to oth- 
er conductors or termi- 
nation to devices. 


~. Minimum Exposed 
- Conductor Lengths 


Box Sizing 

The NEC® requires that electrical boxes 
be properly sized to avoid overcrowding 
of conductors. If boxes are overcrowded 
with conductors, insulation can be damaged 
and devices mounted in the box may not fit 
properly. There may not be sufficient space 
for conductors to dissipate heat generated 
by current, which could cause overheating. 
Boxes must be large enough to provide 
sufficient space for conductors, clamps, 
support fittings, devices, and equipment to 
be installed in the box. 

The box size required for an installation 
is typically not specified on project specifi- 
cations. The technician must determine the 
proper box size and box fill for the installation. 
Installing too large of a box is cost inefficient. 


Installing a box smaller than the minimum 
size requirement is a violation of the NEC®. 

Box volume is the volume of an electrical 
box plus the volume of any other box compo- 
nents. Other box components include plaster 
rings, extension rings, or dome covers. The 
NEC® contains a table that lists box trade 
sizes, minimum box volumes, and the max- 
imum number of same-size conductors that 
can be installed in a given trade size of box. 
Minimum box volumes are expressed in cu- 
bic centimeters (cm?) and cubic inches (in.?). 


The ADA is the Americans with Dis- 
ability Act. Mounting heights for 
device boxes typically follow the 
requirements of the ADA Accessibility 
Guidelines for Buildings and Facilities 
(ADAAG). 


Box fill is the volume occupied by con- 
ductors, components, and devices within a 
box. Total box volume must never be less 
than the calculated box fill. Components and 
devices that can be part of box fill include 
the following: 

* circuit conductors 

* clamps 

* support fittings 

* equipment grounding conductors 
* receptacles 

* outlets 

* breakers 

* fuses 

* terminals 

To determine box fill, calculate the vol- 
ume occupied by components and devices 
in the box. To calculate the volume occu- 
pied by components and devices in the box, 
apply the following procedure: 

1. Count the number of conductors (of 
each size), clamps, supporting fittings, 
devices, and EGCs in the box using the 
NEC” requirements. Nonconductors are 
counted in conductor-equivalent units. 

2. Reference the NEC? and assign each 
conductor size a volume allowance. 


A volume allowance is a fill volume 
assigned to a conductor, clamp, support 
fitting, or device in a box as specified 
by the NEC®. 

3. Add all volume allowances per conduc- 
tor size to get the total box fill. 


Cubic inch calculations are common- 
ly used in the United States. Boxes that 
are not standard box trade sizes have 
their volumes marked on the box by 
the manufacturer. 


When the conductors and devices in a 
box are being counted, the following NEC® 
requirements apply: 

* ЕСС are counted as one conductor. 

* Each additional set of EGC(s), such as 
an isolated grounding conductor (IGC), 
is counted as one conductor. 

e Conductors, ЕСС, or no more than 4 
fixture wires, all of which are no larger 
than 14 AWG and enter the box from a 
domed luminaire, are not counted. 

• Each conductor that passes through the box 
unbroken is counted as one conductor. 

* Each conductor that is spliced within the 
box is counted as one conductor. 

* Each conductor coming into the box and 
terminated at a device is counted as one 
conductor. 

* Each loop of unbroken conductor that 
is at least twice the minimum length of 
exposed conductor is counted as two 
conductors. 

• Conductors that are located entirely within 
the box, such as pigtails, are not counted. 

* Cable clamps are counted as one conductor- 
equivalent, no matter the total number in 
the box. The volume allowance used is the 
one for the largest conductor present. 

e Fixture studs and hickeys are counted 
as one conductor-equivalent, no matter 
the total number in the box. The volume 
allowance used is the one for the largest 
conductor present. 
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* Each mounting strap for devices such as 
switches and receptacles is counted as 
two conductor-equivalents. For exam- 
ple, a duplex receptacle, even though it 
contains two receptacles, is counted the 
same as a single receptacle because they 
are both mounted on a single strap. The 
volume allowance used is the one for the 
largest conductor connected to a device 
on that strap. 

If all conductors entering a box are the 
same size, the total conductor and conductor- 
equivalent count is referred to as the “max- 
imum number of conductors." As a shortcut 
to calculating fill volume, the “maximum 
number of conductors" value can be directly 
referenced from a chart in the NEC® to de- 
termine the minimum-size box required for 
the installation. See Appendix. 

If more than one size of conductor is 
present, then each conductor and conductor- 
equivalent is given a cubic inch value based 
on the AWG size of the conductor. The 
volumes are then added together to give 
the total box fill capacity in cubic inches. 
Total box fill capacity can be used to select 
the minimum box size. The size of the box 
selected must have a total volume at least 
equal to or greater than the box fill volume. 
See Figure 7-22. 


The number and size of conductors contained within the box 
determine the size of the box to be installed. 
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Calculating Box Fill 


What minimum size 4" square box is required for four 
No. 12-3 type AC cables? The box has two internal AC 
cable clamps. 


8 No. 12 ungrounded conductors 
4 No. 12 grounded conductors 
2 cable clamps 


Table 314.16(A): Minimum size box for 
13 conductors = 4" x 2%” square box 


4" SQUARE 
BOX 


SAME-SIZE CONDUCTORS 


What minimum size 41146” square box is required for six 
No. 12, four No. 10, and four No. 8 conductors spliced in 
the box? 


Table 314.16(B): 6 No. 12 = 2.25 cu in. x 6 = 13.5 cu in. 
4 №. 10 = 2.5 сиіп. х4 = 10.0 сиіп. 
4 No.8 = 3.0 сиіп. х4 = 12.0 сиіп. 


35.5 си іп. 


Table 314.16(A): Minimum size box 
for 35.5 cu in. = 414e” x 2%” square box 


CONNECTOR 
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Figure 7-22. Box size is calculated by the number and size of conductors 
contained within the box. 


Pull Boxes and Junction Boxes 


Pull boxes and junction boxes are points 
in the electrical system that provide access 
to raceways entering and leaving boxes. A 
pull box is a box used as a point to route 
electrical conductors into a raceway system. 
Pull boxes are typically used for longer 
conduit runs to allow a technician access 
to the conductors being pulled through the 
raceway. Technicians are then able to facil- 
itate the wire-pulling process, as they can 
pull the wire from one raceway and reroute 
it to the next raceway. Raceway systems 
are not allowed to have more than the 
equivalent of four bends of 90? each (360? 
total) between pull points such as conduit 
bodies and boxes. Pull boxes are installed 
to meet these requirements. Attempting to 
pull conductors through too many bends 
in a conduit run is not only difficult, but 
places extreme stress on conductors and 
could result in permanent damage. 

A junction box is a box in which splices, 
taps, or terminations are made. Junction 
boxes are typically used where it is nec- 
essary to splice into conductors to route 
another set of conductors to a specific load 
or switch. The installation of junction boxes 
also facilitates pulling conductors through 
the conduit systems. Pull boxes and junction 
boxes can be specially fabricated in some 
installations when conductors are size 4 
AWG or larger. The size of the pull box or 
junction box is determined by whether the 
pull is to be straight through the box from 
one wall to the opposite wall or whether the 
conductors are pulled at an angle through 
the box, from one wall to an adjacent wall. 

A straight pull is when conductors are 
pulled into a box and routed to a raceway 
on the opposite wall of the box. An angle 
pull is when conductors are pulled into a 
box and routed to a raceway on entering an 
adjacent wall in the box. 

For a straight pull, the minimum-length 
pull box or junction box is determined by 
taking the dimension of the largest trade size 
of conduit entering the box, and multiplying 
that value by eight to determine the length 
of the pull box or junction box. For an angle 


pull, the minimum-size pull box or junction 
box is determined by multiplying the largest 
trade-size conduit dimension by six and 
adding the trade size of each of the other 
conduits to get the minimum pull-box or 
junction-box dimensions. See Figure 7-23. 


3" CONDUIT 
2" CONDUIT 
1%” CONDUIT 


What is the minimum length of the pull box? 
8 x 3” = 24" 
Minimum Length = 24” 


STRAIGHT PULLS 


2” CONDUIT 
2” CONDUIT 


4” CONDUIT 


What is the minimum size of the pull box? 
(6 x 4^) +2” + 2” = 28" 

Pull Box = 28" x 28" 

What is the minimum distance at A? 

6 x 4" = 24" 

Minimum Distance = 24" 


ANGLE PULLS 


Figure 7-23. Pull boxes and junction boxes 
are sized for angle pulls or straight pulls. 


Industrial-grade conduit bodies are 
different from commercial-grade in 
that they are made from iron rather 
than aluminum for extra strength and 
wear resistance. 
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CONDUIT BODIES AND FITTINGS 


Conduit bodies and fittings are installed in 
raceway systems to improve the mechanical 
connection from conduit to boxes, to splice 
conductors without installing a box, or to 
provide access to conductors during the 
routing process. Conduit bodies are available 
for all installation methods and in different 
design configurations to help complete 
installations to meet NEC? requirements. 
Conduit fittings are accessories used for the 
mechanical connection of conduit to other 
sections of conduit and to conduit bodies. 


Conduit Bodies 


A conduit body is a conduit fitting that 

provides access to the raceway system 

through a removable cover at a junction or 

termination point. Typical uses of conduit 

bodies include the following: 

* joining two lengths of conduit together 

* transitioning from one installation meth- 
od to another 

* accessing conductors to facilitate routing 
conductors through a raceway system 

* splicing conductors 


Conduit Body Construction. Conduit bod- 
ies can be metal or nonmetallic. Nonmetallic 
conduit bodies are used only with nonmetal- 
lic conduits. While some conduit bodies are 
threaded for the insertion of a threaded con- 
nector, most are not threaded and are joined 
to nonmetallic raceways and fittings using 
the same methods as for gluing PVC con- 
duits. Metal conduit bodies are for use only 
with metal conduits. Rigid metal conduit, 
IMC, and EMT conduit bodies are threaded 
for the insertion of associated connectors and 
fittings. Conduit bodies with proper fittings 
can also be used with cables, such as AC, 
MC, and MI cables. Conduit bodies have 
different shapes that correspond to different 
letters of the alphabet. See Figure 7-24. 

Some conduit bodies are referred to as con- 
dulets?. A condulet® is a conduit body that is 
designed to provide access to conductors and 
create corners in conduit runs. Condulet? is a 
trade name for conduit body designs including 
LB; LL; BR; C, T; and^X- 
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Figure 7-24. Conduit 
bodies have a cover 
and allow access to wir- 
ing, and are identified by 
their shape in relation to 
the alphabet. 


** Conduit Bodies 


OPENING 
ПОЕ ЕТ 


SHORT END 


HOLD LIKE 
A PISTOL 


Conduit Body Installation. Conduit bodies 
must be rigidly supported in place when in- 
stalled. If a conduit body is not larger than the 
conduit in which it is installed, the conduit 
can provide sufficient support for the conduit 
body. To contain splices, conduit bodies must 
be marked (stamped) with their volume ca- 
pacity in cubic inches. Most conduit bodies 
are marked to meet this requirement. Some 
specific types of conduit bodies, such as 
short-radius conduit bodies, are not marked 
with their volume capacity since they are 
only installed to facilitate pulling conductors 
through the conduit. 


Conduit bodies are typically composed of a 
corrosion resistant material such as aluminum 
or PVC and are supplied with a weatherproof 
polymeric gasket that must be properly 
installed between the cover and the conduit 
body to meet NEC? requirements. Covers 
must be securely fastened in place once the 
installation is complete. See Figure 7-25. 


Cooper Crouse-Hinds 


Type LB conduit bodies are commonly 


used on many commercial and industrial 
installations. 


Conduit Fittings 

A conduit fitting is a conduit accessory used 
to connect sections of conduit. Conduit 
fittings are also used to electrically bond to- 
gether metal parts in a conduit raceway sys- 
tem. Proper installation of conduit fittings is 
required to maintain a low-impedance fault 
path back to the voltage source if a ground 
fault occurs in the system. 


Conduit Fitting Types. Conduit fittings are 
made of metal for use with metal conduit and 
nonmetallic material for use with nonmetal- 
lic conduit. Conduit fittings are used to join 
conduit to a box, panel, or other equipment. 

A coupling is a short collar or pipe with 
female threads at each end. Couplings are 
used to join one end of a conduit to another 
conduit. A bushing is an insulating tube or 
sleeve that protects an electrical conductor 


where it passes through a hole. Bushings 
are installed at the end of conduit where 
the conductors enter an enclosure to protect 
conductor insulation from abrasion. A chase 
nipple is a conduit fitting that is used to 
couple boxes back to back. An expansion 
fitting is a special-purpose conduit fitting 
used where there can be significant tem- 
perature differences over time. Temperature 
changes can result in excessive expansion 
and contraction of conduit. For example, 
a conduit run installed outdoors across a 
rooftop can have extremely hot daytime tem- 
peratures and significantly cooler nighttime 
temperatures. Expansion fittings must be 
installed to allow for the conduit expansion 
and contraction. Different types of conduit 
fittings are available for RMC, IMC, FMC, 
EMT, and LFNC conduit. See Figure 7-26. 
NEC® requirements that apply to conduit 
fittings include the following: 
* Rigid conduit fittings can be used with 
both RMC and IMC. 
* EMT fittings can only be used with EMT. 
• The same-size nonmetallic fitting can 
be used with the same-size schedule 40 
PVC conduit, schedule 80 PVC conduit, 
or ENT. 
* Different flexible conduit fittings are for 
use with corresponding flexible conduits. 


Conduit Fitting Installation. When install- 
ing conduit fittings, consideration must be 
given to the type and size of conduit in use 
and the purpose for the fitting to be installed. 

The fitting must be suitable for the location 
where it is to be installed. For example, EMT 
conduit can be run outdoors in wet locations. 
However, not all EMT fittings are listed for 
use in wet locations. Setscrew connectors and 
setscrew couplings are not suitable for use in 
wet locations because they could allow mois- 
ture to enter the raceway system. However, 
EMT compression connectors that are listed 
for use in wet locations can provide weath- 
erproof protection. The listing can be located 
directly on the fitting or on the package that 
contains the fitting. 

An example of fittings that are often used 
in commercial and industrial applications 
is threadless conduit fittings that must be 
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embedded in concrete. A threadless conduit 
fitting is a conduit fitting that slips over the 
end of the conduit and uses either setscrews 
or compression to seal the fitting to the con- 
duit. Threadless conduit fittings are not to 
be used on threaded conduit since the fitting 
will not seal properly. Threadless conduit 
fittings must be marked as “concrete-tight” 
or “concrete-tight when taped.” Fittings that 
are listed as raintight are also concrete-tight. 


THREADED OPENINGS 
FOR CONDUIT OR 
CABLE CONNECTORS 


CONDUIT BODY 
COVEH 


— MOUNTING 
SCREW 


CONDUIT BODY 
VOLUME CAPACITY 
MARKING 


POLYMERIC 
GASKET 


CORROSION- 
RESISTANT 
MATERIAL 


Figure 7-25. Conduit bodies are typically composed of a corrosion 
resistant material such as aluminum or PVC and are supplied with а 


weatherproof polymeric gasket. 


Conduit must fit entirely into a fitting up 
to the stop located inside the fitting prior to 
securing the fitting connection. An installer 
must never rely on the bushing placed on 
the end of the conduit in the box to secure 
the conduit in place. А locknut should be 
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used against the box under the bushing. 
Locknuts should be hand-tightened against 
the box, with an additional 1⁄4 turn from a 
wrench to verify tightness. 

А gland nut is a nut on a threadless con- 
duit fitting that, when tightened, forces the 
gland inside a conduit fitting to seal against 
the conduit. Gland nuts on compression 
fitings should be tightened hand-tight 


= Conduit Fittings 


with one or two additional complete turns 
taken with a wrench. Setscrews on EMT 
fittings and screws on flexible fittings must 
be completely tight, with care taken not to 
strip threads by applying too much torque. 
Failure to properly install metal conduit 
fittings can produce fire and shock hazards 
should a ground fault occur in the metal 
conduit system. 


eed Ф = о 


CHASE NIPPLE CONNECTOR 


ELBOW 


RMC AND IMC FITTINGS 


STRAIGHT SCREW-IN STRAIGHT 


FMC FITTINGS 


COMPRESSION 
CONNECTOR 


SET-SCREW 
CONNECTOR 


EMT FITTINGS 


EXPANSION FITTINGS 


STRAIGHT 
LFNC FITTINGS 


90* PULLING 


COMPRESSION 
COUPLING 


90? SHORT BOX BUSHING 


CONNECTOR 


90° ANGLE 


SET-SCREW 
COUPLING 


90* ELBOW 


Figure 7-26. Different types of conduit fittings are available for commercial and industrial installations. 


SUMMARY 


Commercial and industrial wiring requires 
the installation of various enclosures, boxes, 
conduit bodies, and fittings. Technicians 
must be familiar with the different types 
available and proper installation methods. 
The installation of this equipment must 
meet NEC? requirements and be performed 
in a neat and workmanlike manner. 

Enclosures are mounted to contain con- 
trol-circuit components, panelboards, and 
conductors. Enclosures used in commercial 
and industrial installations are typically 
metallic and are type-rated based on the 
environment they are required to with- 
stand. Enclosures must be mounted true 
and plumb and securely fastened to their 
mounting surface with the proper anchor 
device for the application. 

АП outlet devices such as switches and 
receptacles must be placed in outlet box- 
es. Outlet boxes are used as pull boxes to 
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facilitate pulling wire through conduit and 
as junction boxes to splice conductors. A 
box must be suitable for the location where 
it is to be installed. The technician must be 
able to use the appropriate tables in the 
NEC® and ensure that the box fill limit is 
not exceeded. All boxes must be securely 
and properly mounted and the appropriate 
cover must always be installed on the box. 

Conduit bodies and fittings are used in 
conduit installations. Some conduit bodies 
can allow conductors to be spliced within the 
body. Technicians must select the appropriate 
conduit body or fitting for the type of conduit 
to be installed. Additionally, conduit bodies 
and fittings must be suitable for the location 
where they are to be installed. Proper instal- 
lation techniques must be used to ensure the 
body or fitting securely attaches to the conduit. 
All nuts, setscrews, covers, and gaskets must 
be properly installed on conduit bodies. 


ы o үх 
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| Access Code: 249878 


AIPeResources.com/QuickLinks 


Enclosures, Boxes, 


and Conduit Bodies and Fittings 


REVIEW QGuestions 


Name Date 


Multiple Choice 


1. The maximum amount of bend angles between pull points in a conduit run cannot 


exceed D. 


A. 120 
B. 180 
С. 270 
D. 360 


2. ^. isaconduit fitting that is used to couple boxes back to back. 
A. bushing 
B. chase nipple 
C. condulet? 
D. gland nut 


3. A(n)  isaflush-orsurface-mounted enclosure used for housing electrical components, 
devices, and conductor connections. 
A. box 
B. cabinet 
C. equipment housing 
D. fixture 


4. If project documentation is not available, the standard mounting height used for 
receptacles is ___”, and for wall switches the height is__”. 
A. 12, 36 
B. 18, 40 
C. 18, 48 
D. 24, 48 


5. ___areused to ground metal components and devices to protect personnel from electrical 
shock. 
A. Bonding jumpers 
B. Plastic insulators 
C. Leather protectors 
D. Patch cords 
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6. A . isa fill volume assigned to a conductor, clamp, support fitting, or device in a 
box as specified by the NEC®. 
A. component allowance 
B. volume allowance 
C. conductor identification 
D. device number 


7. Foranangle pull, the minimum-size pull box or junction box is determined by multiplying 
the largest conduit trade-size dimension by, — and adding the trade size of each of the 
other conduits to get the minimum pull-box or junction-box dimensions. 

A. two 
B. four 
C. six 
D. ten 


8. A. enclosure is an enclosure in which a beating rain cannot interfere with the operation 
of the apparatus or result in wetting of live parts and wiring within the enclosure. 
A. driptight 
B. rainproof 
C. raintight 
D. watertight 


9. A utility box is an electrical box with rounded corners that is commonly referred to as 
a(n) . box. 
A. device 
B. handy 
C. outlet 
D. single-gang 


10. A power panelboard uses — % or less of its overcurrent devices to supply lighting and 
appliance branch circuits. 
A. 10 


Bails 
C20 
D25 


11. ___ sheet-metal boxes аге the most commonly used boxes in industrial and commercial 
applications. 
A. Aluminum 
B. Galvanized 
C. Polyester-coated 
D. Stainless steel 


12. Enclosures can be classified by method of enclosure mounting, method of enclosure 
door mounting, and . 
A. arc blast rating 
B. material type 
C. the type of equipment the enclosure can house 
D. voltage rating 


13: 


14. 


15. 


16. 


i. 


18. 


19. 


20. 
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Box ___ is the volume occupied by conductors, components, and devices. 
A. area 


B. fill 
C. usage 
D. volume 


A. enclosure is an enclosure that does not allow falling moisture or dirt to enter the 
enclosure. 

A. driptight 

B. dusttight 

C. raintight 

D. watertight 


There must be a minimum workspace of ___’ near an enclosure. 
А.З 


B.4 
(0 5 
D.6 


Cables routed to enclosures must be secured through the use of — 
A. a terminal bar 


B. knockouts 
C. a cable gang 
D. cable clamps 


If a(n) _ is not attached to the box for bonding purposes, there is potential for shock 
and fire hazards. 
A. EGC 


B. receptacle cover 
C. cable clamp 
D. insulating seal 


Unused knockout openings must be plugged with ___. 
A. box caps 
B. insulation 
C. clamps 
D. seals 


Attempting to pull conductors through too many bends іп a conduit run can cause ___. 
A. fires 
B. extreme stress 
C. crimping 
D. intermittent continuity 


The installation of equipment must meet NEC? requirements and be __. 
A. tested by an ANSI-approved inspector 
B. rated for energy efficiency 
C. performed in a neat and workmanlike manner 
D. checked for continuity every six months 


Completion 


1. Вох | isthe volume of an electrical box plus the volume of any other box components 
and devices. 


2. A conduit is a conduit accessory used to connect sections of conduit. 


3. A(n) isa tapered fiber bushing installed at the end of conduit where the conduit 
enters a box. 


4. Enclosures are specified according to based on various standards and codes. 


5. A(n)___ isanuton a threadless conduit fitting that, when tightened, forces the gland 
inside a conduit fitting to seal against the conduit. 


6. An enclosure listed as indicates that water does not enter the enclosure when it is 
subjected to a stream of water. 


7. Nonmetallic conduit bodies are only used with ___ conduit. 


8. A(n)  isasurface-mounted electrical enclosure that houses fuseholder blocks, fuses, 
and circuit breakers. 


9. A(n) is a conduit fitting that provides access to the raceway system through a 
removable cover at a junction or termination point. 


10. A(n) is an electrical equipment housing or structure surrounding equipment, and 
provides protection to a person or equipment. 


11. A(n) box is a box in which splices, taps, or terminations are made. 


12. A(n) __ is an electrical panel or group of panels designed to form a single panel 
contained in a cabinet or cutout box. 


13. A(n) A. box is a box used to house an electrical device. 
14. The enclosure type can be verified by referencing manufacturer's instructions or — . 


15. A(n) is a prestamped round indentation punched into an electrical box that can be 
removed to create a passage for conductors. 


16. ___ rings are used to extend the face of the box and increase box volume. 
17. A(n) enclosure does not allow circulating or airborne dust to enter the enclosure. 


18. provides a direct path for unwanted (fault) current to the earth without causing 
harm to persons or equipment. 


19. A(n)___ box is a surface-mount deep box that provides for the installation of devices. 


20. A(n)___ pull is when conductors are pulled into a box and routed to a raceway on the 
opposite wall of the box. 


True-False 


T 


А 


14. 


15. 


16. 


17. 


18. 


19. 
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Octagonal boxes are used as outlet boxes because their shape often makes them con- 
venient for the installation of luminaires or lighting fixtures. 


. A straight pull is when conductors are pulled into a box and routed to a raceway on 


entering an adjacent wall in the box. 


. Cable clamps, fixture studs, and hickeys are assigned an allowance of 2, no matter the 


total amount in a box. 


. The type of cover used for a 15 A or 20 A receptacle outlet box depends on the location 


where the box is installed. 


. A coupling is a short collar or pipe with female threads at each end. 


. A junction box is a box used as a point to route electrical conductors into a raceway 


system. 


. Corrosion-resistant enclosures can be used in applications such as an exposure to salt 


spray. 


. A device box is installed at the point in the distribution system where current supplies 


utilization equipment. 


. To be accessible, boxes cannot be mounted behind finished walls, under a finished 


grade, or in outdoor underground installations. 


. Anenclosure listed as watertight indicates that exposure to a beating rain cannot result 


in entrance of water. 


. Panelboard enclosures do not need to be grounded. 
. Since an IGC is a type of EGC, it is required by the NEC? to have green-colored insulation. 


. A threadless conduit fitting slips over the end of the conduit and uses either setscrews 


or compression to seal the fitting to the conduit. 


Per the NEC®, the use of wooden plugs in masonry is permitted for securing electrical 
enclosures. 


Boxes located above suspended ceilings are permitted since they are considered to be 
accessible. 


A NEMA Type 3R cutout box is commonly used for commercial and industrial instal- 
lations because it protects against falling dirt, rain, sleet, and snow. 


If a box is larger than 8" in any dimension, a minimum exposed-conductor length 
requirement of 8" applies. 


Conductors that are located entirely in a box, such as pigtails, are given an allowance 
of zero. 


Nonmetallic enclosures are available for use in low-voltage applications such as tele- 
phony, security, and fire-alarm systems. 


X Б 21. 
ТЕ Е 22. 
D F 23. 
T Ẹ 24. 
JU Е 25. 


Short Answer 


. EMT with setscrew connectors and fittings can be used in outdoor locations. 


A metal cover does not need to be the same thickness and material type as the box it 
is used with. 


A cutout is an enclosure used to house an electric utility meter. 
An FS box is a surface-mount shallow box that provides for the installation of devices. 
Knockouts that are removed but left unused can be left open. 


Slang terms used to describe electrical panelboards, such as “breaker panel" or “circuit 
breaker panel;" are incorrect terms and should not be used because they are inaccurate. 


1. Briefly explain why sheet metal screws must never be used to attach an EGC to a metal box. 


Chapter 7— Enclosures, Boxes, and Conduit Bodies and Fittings 251 


2. List the environmental conditions for each NEMA enclosure classification. 


Raintight 


Rainproof 


Watertight 


Weatherproof 


Driptight 


Dusttight 


Corrosion resistant 


3. List five box installation guidelines. 


Conduit Bodies 


c^ fel © 


[ж 
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1 
2. 
э: 
4. 
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6. 
T 
8. 
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Conduit Fittings 


. Connector 

. Cable connector 
Compression connector 
Compression coupling 
Hub 

90? angle 

. 90? elbow 


. 90? pulling elbow 


Ce зз е шр эю г 


90? short box connector 
10. Screw-in straight 


11. Set-screw connector 


12. Set-screw coupling 


13. Straight 


2 DISITIO 


- 


Identify the moin parts of electrical 
services 


List the common electrical 
voltages and de 
voltage ratings. 


system 
mole ea нозеб? 


Describe the components and oper- 


tion of o transformer 


E the purpose of grounding 
s and the role of bonding in 
the E inet 


scribe the guidelines for handling 


папе clistr buftiaàn syster 


€3 c gren $ 


Describe We considerations whe 
making connections in distribution 
systems. 


A utility supplies the electrical service to 
commercial and industrial facilities. The 
location and method used to bring electrical 
service into a facility entrance determines 
how electricity can be distributed throughout 
the facility. Unit substations are used to help 
distribute electrical service from the utility 
production facility to commercial and indus- 
trial end users. Because of the complexity and 
large number of loads typically used in com- 
mercial and industrial facilities, new electrical 
systems must be separately derived from in- 
coming power. The installation requirements 
for commercial and industrial systems are 
based on current values and voltage ratings. 


€ — 
Electr А 


Electrical service is conductors and equip- 
ment used to deliver electrical energy (pow- 
er) from the secondary distribution or street 


zs 


ndu 


ial 


installation of commercial ond industrial distribution systems 
begins by understanding how electrical power is routed into 
a facility from an electrical service provider (utility). Many 
pieces of distribution system equipment are large in size and 
unique to certain installations. Working with distribution syster 
components and devices such as motor control centers and 
ransformiers requires specialized training and use of edquipment 
that is typically not required for most installation projects. 
Distribution equipment installed close to a uttlity greater 
than average electrical current available, especially during 
fault conditions. Voltage disturbances from electrical service 
provider distribution ines can enter x facility and cause darr 
age. Equipment can fail and allow current to travel into a 
metal enclosure, causing an electrical shock hazard, equip- 
ment damage, or fires. Distribution system equipment must 
be properly bonded and grounded to prevent equiprnent 


а. 
А 


damage and accidental shock and fire hazards. 


main to the wiring system of the location 
served (building or structure). Any connec- 
tions made to a utility supply are critical 
for both safety and reliability. Connections 
must be inspected and approved before the 
utility can supply service to a facility. 

A service point is the point at which 
utility conductors are connected to a fa- 
cility wiring system. Conductors that are 
owned by the utility are not subject to the 
same NEC? regulations as conductors that 
are installed in a building or facility. The 
service point acts as a boundary because 
technicians are typically only required to 
work past the service entrance into the 
building or facility. 

An electrical service meter is a meter 
used by the utility to determine the elec- 
trical energy usage of a facility. Electrical 
service meters can be analog or digital. See 
Figure 8-1. Electrical service meters are 
mounted in meter socket enclosures and 
measure energy in kilowatt-hours (kWh). 
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Figure 8-1. Electrical ser- 
vice meters are used by 
The utility to determine 
the electrical energy 
usage of a facility and 
can be analog or digital. 


A metering system is a group of electrical 
service meters in a facility. Electrical 
service meters and metering systems also 
provide readings for other electrical pa- 
rameters. For example, it may be desirable 
to know what the peak demand was for 
electrical energy during a certain period. 


Electrical Service Meters 
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y/ DISPLAY 


Mutby ҰТА 21 СТА .6pkKh 
CL20 120-480У 4W  FM6S kt18 
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DIGITAL METER 


Power factor (PF) is the ratio of true 
power used in an AC circuit to apparent 
power delivered to the circuit. Power factor 
is commonly expressed as a percentage. 
Power factors of less than 10096 increase the 
overall cost of a power distribution system. 
The lower the power factor, the higher the 
operating cost. Generally, utilities require 
commercial and industrial customers to 
maintain a power factor of 90% or better 
to avoid penalty charges. A poor power 
factor can cause heat damage to insulation 


and other circuit components, can reduce 
the amount of useful power available, and 
requires increased conductor and equipment 
sizes. Power factor is often monitored within 
most commercial facilities. Monitoring peak 
energy demand and power factor can help 
a facility to better manage its energy costs. 

Technicians are responsible for the in- 
stallation of the meter socket enclosure as 
part of the service installation work. The 
utility is responsible for the installation of 
the meter after the project has been approved 
by the authority having jurisdiction (AHJ). 
The size and type of service to be installed 
are dependent on the design requirements of 
the electrical service distribution system and 
the utility distribution lines, transformers, 
switchboards, conduit, and other raceways. 
See Figure 8-2. 


Meters for commercial buildings are 
typically installed together in meter banks. 


Electrical Service Conductors. An elec- 
trical service conductor is a conductor 
from the utility connection to the electrical 
service disconnection means at the building. 
Service conductors can be run underground 
or overhead. A service drop is a service 
conductor that is run overhead to a building. 
Service drops are typically run from a utility 
distribution pole to a building. A service 
lateral is a service conductor that is run 
underground, such as from a transformer 
into a building. See Figure 8-3. 
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Most of the preparation work for an un- 
derground service lateral is done as part of 
an electrical installation. Trenches must be 
dug, conduit or cable installed, and the trench 
filled back in after inspection. Trenches must 
be dug to proper depths as specified by the 
NEC? and are specific for each application. 
The depth of the trench is determined by the 
amount of backfill from the top of the buried 
conduit or cable to the top of the finished 
grade. Trenches must be clean of debris such 
as rocks, broken glass, and other obstructions 
that could damage conduit or cable. Backfill 
that is placed over conduit or cable must also 
be clean and free of rocks and other debris. 


Electrical Service Equipment. Electrical 
service equipment is equipment used to con- 
trol and disconnect electrical power from the 
utility. Circuit breakers or fused switches are 
typically used to disconnect electrical service. 
Electrical service equipment is connected to 
the service point. The service point is the point 
of demarcation between the utility wiring and 
the building or premises wiring. From the 
service equipment, electrical power is distrib- 
uted throughout the facility, separate electrical 
systems can be derived, and emergency or 
back-up power supplies can be connected. 

The capability to disconnect from the 
utility service is important because of the 
possibility of an emergency situation. A 
service disconnect must be readily accessi- 
ble. Typically, a service disconnect is either 
outside a building or inside nearest the point 
at which the service-entrance conductors 
enter the building. Regulations concerning 
the placement of service disconnects can vary 
within different jurisdictions. 

When installing service disconnects, they 
must be grouped together with no more than 
six in one location. The purpose of limiting 
the maximum number of service disconnects 
and requiring that they be grouped together 
is so that the entire service, or services, as 
permitted by the NEC®, can be shut down 
at a single location with no more than six 
operations of the hand. By installing two to 
Six service disconnects, latitude is given to 
an electrical designer, while providing for the 
quick interruption of power in the event of an 
emergency. See Figure 8-4. 
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Figure 8-4. When service disconnects are 
installed, they must be grouped together 
with no more than six in one location. 


Technicians working on new com- 
mercial and industrial electrical wiring 
projects are responsible for the instal- 
lation of equipment from the utility’s 
point of attachment fo the distribution 
equipment of the building. 


Because of the size and complexity of 
various electrical distribution systems within 
a building, the size and type of service equip- 
ment varies. For example, in some applica- 
tions, even six disconnect switches or circuit 
breakers may not be suitable. Such facilities 
can require large, diverse electrical systems 
requiring separate services for fire pumps, 
emergency power systems, and standby 
power systems. The size of the facility may 
require more than one service. Requirements 
for different voltages and phases from the 
utility also require more than one service. 


Unit Substations 


A unit substation is an electrical device that 
switches and transforms incoming distri- 
bution voltages down to plant-distribution 
voltage levels. Unit substations can distribute 
power through a facility using busway sys- 
tems. Most large commercial buildings and 
most industrial plants are supplied power 
through a unit substation. Unit substations 
typically consist of a primary switch to dis- 
connect from the utility supply, a transformer 
to step down voltage, and a switchboard to 
distribute power to outgoing feeder lines. 
See Figure 8-5. 
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Figure 8-5. Unit substations consist of a pri- 
mary switch, switchboard and transformer. 


While a unit substation can be a sepa- 
rate structure adjacent to the facility it sup- 
plies, metal-enclosed power switchgear 
often functions as a unit substation. 
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Metal-enclosed power switchgear is a 
collection of electrical components and 
devices housed in a sheet metal enclosure. 
Metal-enclosed power switchgear typical- 
ly consists of buses and connections, power 
circuit breakers and/or fused switches, and 
hinged doors and bolted covers for access. 
Metal-enclosed power switchgear can 
also contain auxiliary equipment, such as 
protective relays and metering and control 
devices for switchgear operation. Metal- 
enclosed power switchgear circuit break- 
ers and fused switches can be used to 
feed such loads as motor control centers 
(MCCs), large motors, and transformers 
to provide additional distribution system 
voltages in a facility. 

In addition to routine circuit wiring, instal- 
lation of unit substations and metal-enclosed 
power switchgear consists of several diver- 
sified tasks. Heavy distribution equipment 
must be lifted and set in place, steel sections 
must be joined together, and tin-plated copper 
busbars must be properly spliced. 


Delta Star, Inc. 
Mobile substations are used to restore service quickly in the event of 
fires, floods, and other events that cause widespread power outages. 
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Figure 8-6. Examples of 
separately derived sys- 
tems include batteries, 
solar photovoltaic sys- 
tems, generators, and 
transformers. 


Separately Derived Systems 

A separately derived system is a wiring 
system that has no direct electrical connec- 
tion, such as a solidly connected ground- 
ed conductor, to supply conductors of a 
different system. Examples of separately 
derived systems include batteries, solar 
photovoltaic systems, generators, and 
transformers. See Figure 8-6. 

In an industrial distribution system, it 
is necessary to utilize different voltages. For 
example, a feeder bus coming from the unit 
substation can provide three-phase, 460 V 
power to large loads. However, there can be 
a need to supply smaller single-phase, 120 V 


.* Separately Derived Systems 


m bed bos | 


BATTERIES 


TRANSFORMERS 


loads. The most common method to supply 
smaller loads is to install a transformer to step 
down the voltage to the required level and 
install a panelboard after the transformer to 
supply the individual branch circuits. Such a 
system is often installed as a separately de- 
rived system. Commercial and industrial wir- 
ing can also require the installation of battery 
systems to be used as part of uninterruptible 
power supply systems (UPS) and the installa- 
tion of standby and emergency generators and 
their associated electrical system components. 
Installation of individual components and 
devices remains the same from one system 
to the next. 
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Insulation on branch-circuit conduc- 
tors is thick and difficult to damage 
and should be tested with a meg- 
ohmmeter for insulation breakdown 
on long wire runs. 


Voltage Values and Ratings 


Voltage values and ratings are typically 
referenced when designing and trouble- 
shooting distribution systems. A voltage 
rating is the voltage level at which electrical 
equipment is designed to operate. Failure to 
match installed electrical equipment with 
its specified voltage rating usually results 
in equipment damage, such as overheating 
or damaged insulation. 


Nominal Voltage. Nominal voltage is a 
value assigned to a circuit or system to 
designate its voltage class. The actual (mea- 
sured) voltage value usually varies slightly 
from the nominal value. Voltage differences 
are normal due to voltage drops and other 
system variations. Typical nominal system 
AC voltages in distribution systems are 
as follows: 

e 120V 

* 120/240 V 

• 120/208 V 

e 240V 

• 341V 

• 277/480 V 

• 480V 

• 347/600 V 

e 600V 


Voltage Ratings. Electrical equipment is 
required to be operated within a small range 
around its voltage rating. After installation 
and before start-up of electrical equipment, 
use a DMM to verify that measured voltage 
values are within the range for proper oper- 
ation of the equipment. Typically, electrical 
equipment that operates above 100 V is 
expected to operate at 95% to 105% of its 
voltage rating. However, for some equip- 
ment, such as motors, that value is 90% to 
110% of its voltage rating. 

Equipment can operate at different 
voltages throughout the system because of 
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voltage drop. For example, a transformer 
that supplies a 480 V distribution system 
has “480 У” as the rating on its secondary 
side and a motor that operates in the same 
system may specify its voltage rating as 
“460 V." Because voltage can typically 
drop in a distribution system during equip- 
ment operation, the motor is manufactured 
at a rating of 460 V. To stay within its op- 
erating range, the motor must be operated 
between 414 V (460 V x 90%) and 506 V 
(460 V x 110%). The further away from the 
source of power, the lower the voltage is, 
under normal operating conditions. Voltage 
is lower (drops) at the end of the circuit 
because of conductor resistance (which 
varies by conductor type, size, and length) 
and because of the amount of current trav- 
eling through the circuit. See Figure 8-7. 

Electrical insulation on most conductors 
used in systems rated at 480 V and below 
is rated for 600 V maximum. Insulation 
voltage rating is marked directly on the 
conductor insulation, on a label on the 
spool that contains the conductors, and on 
the manufacturer's packaging. Conductors 
should be used only for their intended pur- 
pose. See Figure 8-8. 


Conductor information is printed continuously along the conductor's 


insulation. 
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Figure 8-7. Actual volt- 
ages will vary between 
the nominal system volt- 
ages and equipment 
voltage ratings due to 
voltage drop. 


Figure 8-8. Insulation volt- 
age rating is marked di- 
rectly on the conductor 
insulation, on a label on 
the spool that contains 
the conductors, and on 
the product's original 
packaging. 
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TRANSFORMERS 


A transformer is an electrical device that 
uses electromagnetism to change voltage 
from one level to another or to isolate one 
voltage from another. Transformers are de- 
signed for use in electrical distribution sys- 
tems to increase or decrease the voltage and 
current safely and efficiently. For example, 
transformers are used to increase generated 
voltage to a high level for transmission across 
the country and then decrease it to a low level 
for use by electrical loads. See Figure 8-9. 
Transformers allow utilities to distribute 
large amounts of power at a reasonable 
cost. Large transformers are used for power 
distribution along city streets and in large 
manufacturing or commercial buildings. 
Large transformers are normally maintained 
by the utility or by installers who have been 
specifically trained in high-voltage trans- 
former operation and maintenance. 
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Figure 8-9. Transformers are used to increase generated voltage to a high level for transmission across the country 
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and then decrease it to a low level for use by electrical loads. 


Technicians often work with small 
control transformers. Control transformers 
isolate the power circuit from the control 
circuit, providing additional safety for the 
circuit operator. Transformers are also 
used in the power supplies of most elec- 
tronic equipment to step the power line 
voltage up or down to provide the required 
operating voltage for the equipment. 

Most transformers have a primary wind- 
ing and a secondary winding wound around 
an iron core. See Figure 8-10. A primary 
winding is the coil of a transformer that 
draws power from the source. A secondary 
winding is the coil of a transformer that 
delivers the energy at the transformed or 
changed voltage to the load. Transformers 


can be either dry-type or liquid-filled. A dry- 
type transformer is an electrical transformer 
in which the core and coils are immersed 
in a gaseous or dry insulating medium. A 
liquid-filled transformer is an electrical 
transformer in which the core and coils are 
immersed in a liquid insulating medium. 
Liquid-filled transformers have oil as the 
insulating medium and are typically used 
in high-voltage applications. 


Small control transformers operating 
at 24 V and supplied from 120 V or 
240 V sources are used fo supply control 
voltage for commercial HVAC units. 
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Figure 8-10. A transform- 
er has a primary winding 
and a secondary wind- 
ing wound around an 
iron core. 
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Transformer Operation 


A transformer transfers AC energy from one 
circuit to another. The energy transfer is made 
magnetically through the iron core. A magnet- 
ic field builds up around a conductor when AC 
is passed through the conductor. The magnetic 
field builds up and collapses each half cycle 
because the conductor is carrying AC. In a 
transformer, magnetic lines of force created 
by one coil induce a voltage in a second coil. 
See Figure 8-11. 
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Figure 8-11. In a transformer, magnetic lines of force created by one 
coil induce a voltage in a second coil. 


The primary coil of the transformer sup- 
plies the magnetic field for the iron core. 
The secondary coil supplies the load with 
an induced voltage. A transformer is either a 
step-up or step-down transformer depending 
on the ratio between the number of turns of 
the conductors in the primary and secondary 
sides of the transformer. See Figure 8-12. 

If twice as many turns are in the sec- 
ondary coil, twice the voltage is induced in 
the secondary coil. The ratio of primary to 
secondary is 1:2, making the transformer a 
step-up transformer. If only half as many 
turns are in the secondary coil, only half the 
voltage is induced in the secondary coil. The 
ratio of primary to secondary is 2:1, making 
the transformer a step-down transformer. 

Stepping up the voltage may seem like 
a gain or multiplication of voltage without 
any sacrifice. However, the amount of 
power is equal on both the primary and 
the secondary, excluding small losses 
within the transformer. (Of the small 
amount of power lost in a transformer, most 
is in the form of heat.) 

Because power is equal to voltage times 
current (P = E x Г) and power is always equal 
on both sides of a transformer, the voltage 
cannot change without changing the current. 
For example, when voltage is stepped down 
from 240 V to 120 V in a 2:1 ratio, the cur- 
rent increases from 1 A to 2 A, keeping the 
power equal on each side of the transformer. 
By contrast, when the voltage is stepped up 
from 120 V to 240 V in a 1:2 ratio, current is 
reduced from 2 A to 1 A to maintain the power 
balance. Voltage and current can change for 
different reasons, but power remains constant. 

One advantage of increasing voltage and 
reducing current is that power can be trans- 
mitted through smaller-gauge conductors, 
reducing the cost of power lines. For this 
reason, the generated voltages are stepped-up 
for distribution across large distances, and 
then stepped back down to meet consumer 
needs. Although either the voltage or current 
can be stepped up or down, the terms step-up 
and step-down, when used to specify trans- 
formers, always apply to voltage. 


GROUNDING AND BONDING 
DISTRIBUTION SYSTEMS 


Proper grounding and bonding methods 
must be performed during a commercial 
or industrial wiring process and must be 
performed correctly and in accordance with 
NEC® requirements. Failure to correctly 
accomplish grounding or bonding can result 
in fire, shock, electrocution, fluctuating 
system voltage levels, or equipment damage 
or failure due to voltage surges. 

There are different types of grounding 
systems used in commercial and indus- 
trial installations. Grounding methods are 
used to protect equipment and personnel 
from electrical shock hazards caused by 
overcurrent conditions. Bonding methods 
are used to protect personnel and equipment 
from ground-fault conditions. 


A grounding electrode contacts the earth 
and has a conductor attached to it. 


Grounding 

Grounding is the connection to earth of an 
electrical system or its equipment. Both 
electrical distribution systems and electrical 
equipment are connected to ground (earth). 
System grounding allows for proper and 
safe operation of the electrical distribution 
system. Equipment grounding is the con- 
nection of all exposed non-current-carrying 
metal parts to ground to protect personnel 
by removing any electrical voltage that 
may be present on non-current-carrying 
metal parts. 
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Figure 8-12. A transformer is either a step-up or step-down transformer, 
depending on the ratio between the number of turns of the conductor 


in the primary and secondary sides of the transformer. 


A grounding electrode is a metal com- 
ponent that contacts the earth and has a 
conductor connected to it. Per the NEC®, 
a grounding electrode can be a %” diam- 
eter or larger copper, stainless steel, or 
zinc-coated steel rod that is driven into 
the ground and contacts the earth for 8' or 
more. In large commercial and industrial 
applications, grounding electrode systems 
are used. Large commercial and industrial 
distribution systems require a large surface 
area to contact the earth. Grounding is 
accomplished by connecting components 
and devices to metal underground pipes, 
metal frames of buildings, concrete-encased 
electrodes, or ground rings. А grounding 
electrode conductor (GEC) is a conductor 
connecting the grounding electrode to the 
equipment grounding conductor and/or the 
grounded conductor of the circuit at the 
service equipment. See Figure 8-13. 
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A grounded conductor is an electrical 
cable, wire, or busbar that has been inten- 
tionally grounded. A grounded conductor is 
commonly referred to as a neutral conductor. 
(However, the NEC? specifically defines the 
neutral conductor and, in some cases, it may 
not be the same as the grounded conductor.) 

Safety precautions must be taken when 
working with grounded conductors. There 
is always the possibility of voltage potential 
on the grounded or neutral conductor. A 
grounded conductor is a current-carrying 
conductor and can be energized. There are 
also requirements for color-coding the insu- 
lation of grounded conductors. Typically, the 
insulation on grounded conductors must be 
white or gray or have three continuous white 
stripes along its entire length. 

Equipment grounding protects equipment 
and personnel from ground faults. A ground 
fault is a specific type of short circuit in which 
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Figure 8-13. Grounding provides a direct path for unwanted fault current to travel to its power source without 
causing harm to technicians or equipment. 


current inadvertently flows into non-current- 
carrying components of the equipment or 
system. Examples of ground faults include 
current that travels into a motor frame or from 
ametal enclosure through metal conduit. Typ- 
ical causes of ground faults include insulation 
breakdown or the inadvertent entrance of 
moisture into electrical equipment. Failure to 
ground and bond systems properly can result 
in serious damage to systems, equipment, and 
facilities, and electrical shock hazards. 
Fuses and circuit breakers are also used to 
protect against ground faults through use of low- 
impedance grounding paths. When a ground 
fault occurs, enough current must travel back 
to the power source to allow the fuse or circuit 
breaker to operate and clear the fault. An effec- 
tive ground-fault current path is a grounding 
path that contains very little opposition to the 
flow of fault current back to the source and 
allows the fuse or circuit breaker to operate. 


The two reasons electrical distribution 
systems are connected to ground are to dissi- 
pate voltage surges in the distribution system 
into the ground and to stabilize voltage to 
ground during normal system operation. The 
most severe form of voltage surge to occur 
on a distribution system is a lightning strike 
to the outside distribution line. Although a 
utility has its own systems to help dissipate 
voltage surges, a large voltage surge can 
travel down the distribution line and into a 
facility. As a voltage surge travels through 
feeders and down to the branch-circuit level, 
damage to electrical equipment can occur. 

When lightning strikes, it seeks the short- 
est path to ground. Since the distribution 
system is composed of conductors, a large 
amount of electrical energy from a lightning 
strike can travel through a distribution system. 
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However, by connecting a distribution sys- 
tem to ground at or near the point where the 
electrical system enters the facility, a path 
for a voltage surge to travel into the earth is 
provided. With a properly installed system 
with low impedance (total opposition to the 
flow of current in a circuit), a voltage surge 
can readily take an intentionally installed 
path into the earth rather than through the 
facility's electrical distribution system. See 
Figure 8-14. 

As a distribution system operates, the 
voltage can vary due to loads cycling on and 
off. Voltage, as measured from an ungrounded 
conductor in the system to ground, can also 
vary. By connecting an electrical distribution 
system to ground, the voltage from an un- 
grounded conductor to ground is stabilized 
during normal operation. 
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Figure 8-14. Proper grounding ensures that there is a low-impedance grounding path for fault current to earth 


ground. 
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Bonding 

Ground faults cannot be avoided in distribu- 
tion systems. For various reasons, ranging 
from equipment failure to the accidental 
intrusion of moisture into a piece of electrical 
equipment, there is a system in place to protect 
personnel from accidental electric shock. 

Bonding is the permanent joining of me- 
tallic parts to form an electrically conductive 
path that has continuity and the ability to 
safely conduct electrical ground-fault current. 
Non-current-carrying parts of the electrical 
system include items such as motor frames, 
metal raceways, and metal boxes and enclo- 
sures. If any non-current-carrying device ac- 
cidentally becomes energized due to a ground 
fault, proper bonding provides an electrically 
conductive path that can safely conduct fault 
current back to the source. 

A bonding path must be sized properly 
to carry all fault current that can be present 
during a ground fault. When impedance 
along the bonding path is low (as is required), 
sufficient current can travel back to the power 
source and the overcurrent protective device 
(fuse or circuit breaker) operates to de- 
energize the circuit and clear the fault. 


Bonding Connections. A bonding jumper 
is installed to provide electrical conductivity 
between metallic devices of an electrical sys- 
tem. A bonding jumper is often a bare copper 
conductor, or can be made of green insulated 
copper conductor. In some applications, a 
bonding jumper is made as a solid metal 
strap or as a specially designed screw. Bond- 
ing jumpers can be installed at any location 
throughout the distribution system. 

A main bonding jumper (MBJ) is a 
connection for electrical service equipment 
that ties together the equipment grounding 
conductor (EGC), the grounded conductor, 
and the grounding electrode conductor 
(GEC). The МВЈ is used only at the service 
and is the connection between the grounded 
conductor and the EGC. See Figure 8-15. 

An equipment grounding conductor (EGC) 
is an electrical conductor used to connect 
non-current-carrying metal parts of equip- 
ment or enclosures to the system grounded 
conductor or grounding electrode. An EGC 


connects the non-current-carrying metal parts 
of electrical equipment and systems back to 
the source of the power distribution supply. 
The power source is considered to be the ser- 
vice equipment when supplied from a utility 
or the source of a separately derived system, 
such as a transformer or generator. Should any 
non-current-carrying devices accidentally 
become energized as during a ground fault, 
an EGC can safely carry the fault current to 
its desired destination at the power source. 
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Figure 8-15. The main bonding jumper 
(MBJ) is the connection at the service 
equipment that ties together the EGC, 
the grounded conductor, and the GEC. 


Grounding electrodes can also be 
metal pipe or conduit, provided that 
the length is a minimum of 8 and the 
diameter is a minimum of 54". 


An equipment bonding jumper (EBJ) is 
a conductor that connects two or more parts 
of the equipment grounding conductor. А 
common application for an EBJ is the routing 
through FMC or LFMC to provide electrical 
continuity of the bonding path and prevent 
electrical shock. Improper bonding can result 
in overheating of systems and equipment, 
causing a fire hazard. If ground fault current 
encounters too much resistance or imped- 
ance along its return path to the source, not 
enough current may be present to operate the 
overcurrent protective device. Not only does 
the electrical shock hazard remain, but heat 
can develop at that point of high resistance. 
As ground fault current continues to flow, 
heat can build up enough to result in fire. 


EGC Types. An EGC can be a conductor 

that is routed with circuit conductors or 

can be a conduit enclosing the circuit con- 

ductors. See Figure 8-16. Devices that can 

be used as an EGC include the following: 

* Copper, aluminum, or copper-clad 
aluminum conductors 

* RMC 

* IMC 

* EMT 

• FMC and LFMC 

e FMT 

* Type AC cable armor 

* Copper sheath (from type MI, metal- 
sheathed cable) 

* Type MC cable 

• Cable trays 

e Cablebus framework 

* Other electrically continuous metal 
raceways and auxiliary gutters listed for 
grounding 

Although the NEC® allows the use of 
flexible conduit, under certain restrictive 
conditions, to be used as an EGC, they are 
usually not used as an EGC in most installa- 
tions. A separate EGC must be routed with 
flexible conduit. 

Copper conductors are commonly 
installed as an EGC and can be bare, cov- 
ered, or insulated. In most commercial and 
industrial applications, insulated conduc- 
tors are used. The color of the insulation 
is restricted when copper conductors are 
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used for EGCs. Insulation must be colored 
green, or green with one or more yellow 
stripes. If an EGC is larger than 6 AWG, 
black-colored insulation may be used, and 
it is identified as an EGC at both ends and 
wherever accessible when it is installed. 
Identification is typically accomplished by 
wrapping green tape around the ends of the 
conductor insulation. 


Sizing Conductors for Grounding and 
Bonding. When a grounded conductor, 
bonding jumper, or an EGC is installed, 
care must be taken that it meets minimum 
sizing requirements. Under all conditions, 
conductors installed for protection must be 
able to carry the amount of current that can 
travel in the system during fault conditions. 

Conductor size requirements are locat- 
ed in different locations in the NEC®. The 
minimum-size EGC for grounding race- 
ways and equipment is based on the rating 
or setting of the automatic overcurrent 
device in the circuit ahead of the equip- 
ment. For example, equipment with an 
overcurrent device ahead of the equipment 
rated at 20A requires an EGC of 12 AWG 
copper. The NEC? does not permit the 
use of conductors smaller than 14 AWG 
for copper or 12 AWG for aluminum or 
copper-clad aluminum for wiring in applica- 
tions up to 2000 V. To determine the prop- 
er-size conductor to use for an installation, 
consult Article 310 Conductors for General 
Wiring, of the NEC®. Consult Article 250 
Grounding and Bonding for sizing ground- 
ing and bonding conductors. 


Type AC armored cable can only be used in dry locations. 
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Figure 8-16. An EGC can be a conductor that is routed with circuit conductors or can be a conduit enclosing the 


circuit conductors. 


DISTRIBUTION SYSTEM 
EQUIPMENT HANDLING 


Industrial and commercial distribution sys- 
tem equipment can be large, heavy, bulky, 
and difficult to handle and install. Because 
electrical equipment can be easily damaged, 


Tech Tip 


When taking delivery of large electrical 
equipment such as transformers and 
stand-by generators, special materi- 
al-handling equipment must be avail- 
able to unload and move equipment. 


there are special handling requirements 
that must be adhered to. Otherwise, the 
equipment may not be able to function 
as intended, or its life expectancy may be 
shortened. Distribution system equipment 
requires special handling and installation 
to function properly. 

Technicians must be able to properly 
receive and account for equipment delivered 
to installation locations. Depending on the 
size of the installation project, it can be 
required for technicians to receive electrical 
equipment from the manufacturer and store 
electrical equipment for the project owner. 
Certain considerations must be adhered 
to when moving and setting distribution 
system equipment. 


Distribution System Equipment 
Receiving 
Electrical distribution equipment can 
arrive in large volumes, as large individ- 
ual components or in small individual 
containers. Consideration must be made 
for equipment inspection, maintaining 
equipment integrity during handling, 
and tracking of equipment location. Per 
contract specifications, extra costs can be 
associated with equipment that does not 
meet delivery standards. General guide- 
lines when receiving electrical equipment 
include the following: 

* Observe packaging warning labels. 

* Inventory packages when packing lists 
are provided. 

* Document date and times received. 

* Document incomplete orders, backorders, 
or any notes on shipping schedules. 

• Visually inspect outside of shipping 
containers for obvious damage. 

* Visually inspect shipment contents 
for completeness and any component 
damage. 

* Leaveequipment on shipping skids when 
practical to later facilitate installation. 

e Leave protective packaging materials 
and covering in place. 

e Verify shipment meets project 
specifications. 
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e Perform insulation resistance tests where 
applicable to use as benchmark tests to 
compare to future readings. 

* Document results of equipment receiving. 


Most project submittals and final 
contracts specify monetary fines 
for specialized equipment fhat is 
delivered too early or loo late. These 
fines typically can range from $500 to 
$5,000 per day that the equipment is 
not delivered or for equipment deliv- 
ered foo early. 


Distribution System Equipment 

Storage 

Distribution system equipment can be 

stored at a technician's or project owner's 

facility, at the installation location, or at a 

separate storage location. See Figure 8-17. 

General guidelines for storage of electrical 

equipment include the following: 

* The location must provide protection 
from physical damage. 

* The location must be clean, dry, and 
should be secure from intrusion by un- 
authorized persons. 

* Store metal-enclosed equipment in the 
upright position. 

* Consider use of pallets to provide sup- 
port and protection from moisture. 

* Do not stack boxed equipment. 

* Wrap shipments in plastic protective 
wrapping if necessary to provide further 
protection from moisture. 

* Follow any specific manufacturer in- 
structions for equipment storage. 

* Observe and comply with any storage or 
shipping labels on boxes. 

* Provide power to equipment space heat- 
ers, if provided. 

e Consider use of temporary space heaters 
or lamp banks to maintain temperature 
approximately 10°F above ambient to 
prevent condensation from forming due 
to moisture. 
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Figure 8-17. Distribution 
system equipment must 
be properly stored prior 
to installation. 


* Routinely inspect stored equipment for 
physical damage, water leaks, excessive 
dust, dirt, or moisture. 

* Take insulation resistance readings on 
motors, generators, and transformers a 
minimum of every 6 weeks. 

e Store busway and busway fittings in a 
dry, dust-free facility. 

• Remove brushes from motor and gener- 
ator brush riggings and store in a clean, 
dry location. 

* Storage batteries should be stored in- 
doors and maintained in accordance with 
manufacturer's instructions. 

* Organize storage to facilitate use of 
equipment. 

The effects of long-term storage must 
be considered. For example, some rotating 
electrical equipment can require 1!4 turns 
of shaft rotation on a periodic basis, tem- 
perature and humidity must be maintained 
within certain parameters, or specific 
equipment maintenance tasks may need to 
be performed. 


Distribution System Equipment Storage 


EQUIPMENT STORED 


Moving and Setting Distribution 
System Equipment 

The movement and setting in place of 
large distribution system equipment must 
be done with care to prevent damage to 
equipment. Technicians that move and set 
equipment must be trained and familiar 
with the operation of powered industrial 
trucks (forklifts), proper rigging and lifting 
techniques, crane operation, and general 
safety requirements. 

On most large commercial and industrial 
projects, specially trained contractors are 
provided to perform the moving and setting 
in place of large equipment. However, on 
most other jobs it is the electrical equipment 
installer who must safely and correctly 
move and place equipment for installation. 
Typically, it is the responsibility of the 
technicians to follow safety requirements 
and regulations for the project, including 
OSHA, state, local safety organizations, 
and internal company safety procedures. 


CLEAN, DRY, SECURE, HEATED 
STORAGE LOCATION 


BOXED EQUIPMENT 
NOT STACKED 


UPRIGHT ON PALLETS 


Large pieces of equipment that contain 
more than one large component can be 
shipped as skid-mounted. Skid-mounted 
equipment typically has lifting points, such as 
holes or brackets, located at the corners of the 
skid. Lifting points are typically at four dif- 
ferent locations to provide balanced and safe 
lifting when moving equipment with forklifts 
or overhead bridge cranes. See Figure 8-18. 

A spreader bar is a metal bar or rod that 
connects to lifting cables and is used to dis- 
tribute weight evenly when lifting equipment 
with wide frames. Spreader bars can be 
required with some loads to prevent lifting 
cables from damaging equipment. 


Distribution System Equipment 
Installation 

It is required that distribution system 
equipment be assembled and installed per 
manufacturer's specifications. However, 
technicians should make certain general 
inspections and checks when installing 
equipment, such as checking for proper 
voltage ratings, and verifying that there are 
no obvious mechanical defects or damaged 
insulation or conductors, and that all bolts 
are fastened securely in place. Distribution 
system installation includes installation 
of equipment such as unit substations, 
motor control centers, panelboards, and 
transformers. 


Unit Substation Installation 


The area where a unit substation is to be in- 
stalled must be properly prepared. The area 
must be clean, level, and dry. Unit substations 
consist of a high-voltage switching section, 
a transformer section, and a distribution 
(low-voltage) switching section. General 
installation guidelines for unit substation sec- 
tions include verifying nameplate ratings per 
specifications and one-line drawings, visual 
inspection for any signs of physical damage, 
and verify that factory-bolted connections 
are secure. When installation is complete, 
acceptance tests must be performed, such as 
checking insulation resistance and resistance 
across bolted connections. 
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Figure 8-18. Skid-mounted equiprnent can require the use of an over- 


e Moving Skid-Mounted Equipment 


LIFTING CABLE 


PALLET 


head crane for proper movement and handling. 


Unit substations also have arc chutes and 
barriers. An arc chute is a device located 
over and around contacts to cool and extin- 
guish an electrical arc when contacts open 
under load. A barrier is a sheet of insulating 
material placed between the contacts of each 
phase. Guidelines specific to the installation 
of the transformer section include inspect- 
ing auxiliary components and devices as 
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applicable, including cooling fans, oil 
coolers and pumps, tap changers, tempera- 
ture sensing and level sensing devices, 
over-pressure relief devices, and associated 
controls and wiring. Guidelines specific to 
the installation of the high-voltage switch- 
ing section include the following: 

* Verify integrity of barriers, contacts, and 
arc chutes. 

* Verify proper operation of mechanical 
interlock to prevent operation of switch 
with door open or opening of door with 
switch closed. 

* Verify metering components and devices 
meet any specific utility requirements. 

* Inspect enclosure screens on openings, 
and weatherproof as appropriate. 

e Verify that there is sufficient space for 
incoming conductors, as applicable. 

* Verify incoming busway is properly rated 
with no signs of physical damage. 
Guidelines specific to the installation of 

the (low-voltage) switching section include 

the following: 

* Inspect low-voltage power circuit break- 
ers for proper ratings and to ensure there 
is no physical damage. 

* Verify proper operation of mechanical 
interlocks for low-voltage power circuit 
breakers that prevent breaker remov- 
al without breaker open and prevent 
breaker operation without breaker fully 
engaged or sufficiently disengaged. 

* Verify power circuit breakers can open 
and close properly. 

* Verify outgoing busway is properly rated 
and has no physical damage. 


Motor Control Center Installation 

A motor control center (MCC) is a central 
location for troubleshooting and servicing 
motor control circuits. А typical motor control 
center combines individual control units into 
standard modular structures, which are joined 
together for convenience. See Figure 8-19. 
Motor control centers can also be located in 
hallways or any suitable location as required. 
Guidelines specific for installation of MCCs 
include the following: 


* Examine walls and floors for suitable con- 
ditions where MCCs are to be installed. 

* Clean MCC components and devices 
with manufacturer's recommended 
cleaning methods and materials. 

* Check removable starter units for easy 
removal and insertion. 

* Connect power and control wiring and 
verify basic operation of each starter 
from control power source. 

* Install fuses as required. 

* Set overload settings in motor starters 
to match installed motor per NEC? 
requirements. 

* Verify that disconnect handles are prop- 
erly labeled and operate freely. 

* Provide nameplates for each motor start- 
er enclosure identifying motor served. 


Disconnect switches must be properly 
labeled and operate freely. 


Motor control centers are usually supplied 
with power from a panelboard or switchboard. 
If a motor develops an overcurrent problem, 
the OCPD in the MCC should operate. How- 
ever, if the overcurrent is in the incoming 
power supply, such as a lightning strike, the 
switchboard OCPD should operate. After final 
inspection and prior to energizing the MCC, 
final electrical tests are performed, including 
insulation resistance tests, resistance readings 
between the MCC ground bus and the MCC 
enclosure, operational tests of control circuits, 
and proper phasing of buses. 


Т Motor Control Centers (МСС) 


s IDENTIFICATION NAMEPLATES 
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Figure 8-19. Motor control centers (МСС) provide a central location for troubleshooting and servicing motor 


control circuits. 


Distribution System Panelboard 
Installation 

Panelboards in commercial and industrial 
facilities are often 480/277 V panelboards 
(power panelboards) or 208/120 V 
panelboards. Installing panelboards re- 
quires mounting them to walls, columns, 
or other structures and can also require the 
mounting of panelboard devices into the en- 
closure for the addition of accessory items. 
Enclosures must be mounted securely, true, 
and plumb. Panelboards are installed as part 
of a distribution system for connection of 
equipment such as transformers and motor 
starters. See Figure 8-20. Manufacturer's 
guidelines specific for the installation of 
panelboards include the following: 

• Verify that mounting is secure. 


A: 
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Verify that NEC? requirements for spaces 
about the electrical equipment are met. 
Wiring in panel gutters should be sep- 
arated neatly into groups, bundled, and 
wrapped with cable ties. 

Form wiring to right angles at circuit 
breaker connections. 

All circuit conductors (including ground- 
ed and EGCs) should be properly labeled. 
Torque all connections, including termi- 
nations of conductors, to circuit breaker 
using manufacturer's specified values. 
Clean interior and exterior of debris and 
foreign substances including any paint 
splatters. 

Post a legible circuit directory on the 
face or inside of the panel door specif- 
ically identifying the load supplied by 
each circuit. 


DISCONNECTS 
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Distribution System Poneiboords 
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Distribution System Transformer 
Installation 

Transformers are installed for different pur- 
poses in distribution systems, including as 
the supply of a separately derived system. 
Transformers can also be used to supply 
specific lighting circuits, control circuits, and 
other specific loads. Distribution system trans- 
formers are typically dry-type transformers. 


480 V wp 


PANELBOARD 


MOTOR 
STARTER 


Figure 8-20. Panelboards are installed as part of a distribution system for connection of equipment such as trans- 
formers and motor starters. 


Transformers installed indoors in com- 
mercial and industrial facilities can be 
mounted directly on a floor or suspended 
from a ceiling. Industrial and commercial 
transformers installed outdoors must be 
installed in a weatherproof enclosure. 
The enclosure must be constructed so that 
exposure to weather does not interfere with 
transformer operation. See Figure 8-21. 


In addition to properly securing trans- 
formers, NEC? guidelines specific for the 
installation of distribution system transform- 
ers include the following: 

* Ventilation openings must not be ob- 
structed. (Clearance requirements from 
walls and other obstructions are marked 
on transformer case.) 

* All terminations must be torqued to re- 
quired specifications. 

• Liquid-filled transformers must have spe- 
cial requirements for liquid containment 
in the event of a leak. (Requirements are 
provided on transformer nameplate.) 

* Transformers must be accessible to qual- 
ified persons after installation. 

Per the МЕС, transformers are required 
to be protected from physical damage. 
Physical protection of transformers can be 
provided by covering, shielding, fencing, 
enclosing, or otherwise prohibiting approach 
or contact by persons or objects. Providing 
physical protection for transformers ac- 
complishes two objectives. It protects the 
transformer from objects that could cause 
physical damage and threaten the reliabil- 
ity of the electrical system. It also protects 
personnel in the vicinity of the transformer 
from accidental contact that could result in 
physical harm. Transformers are required 
to be guarded and marked by signs or other 
markings on the equipment indicating the 
operating voltage of the transformer. See 
Figure 8-22. 


DISTRIBUTION SYSTEM 
CONNECTIONS 


The installation of larger distribution- 
system devices and grounding systems re- 
quires the use of certain tools, equipment, 
and connectors specific to distribution 
system equipment because of the large 
amounts of current that can travel in those 
portions of the system. Distribution system 
connections include bolted connections 
and grounding-system connections. 
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Figure 8-21. Transformers must be installed indoors with minimum 


clearances and outdoors with weatherproof enclosures. 
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Figure 8-22. Transformers are required to be guarded and marked by signs or other markings on the equipment 


indicating the operating voltage of the transformer, 


Bolted Connections 
Properly making and tightening bolted con- 
nections in electrical distribution systems is 
required for the mechanical and electrical 
integrity of the connection. Connections 
must be bolted tight enough with specific 
devices to prevent premature loosening 
from machine vibrations and thermal 
expansion and contraction. Proper torque 
values must be applied, as connections that 
are too loose or too tight can result in elec- 
trical problems and damage to equipment. 
Electrical equipment with AC passing 
through it tends to vibrate at 60 cycles 
per second. Transformer hum is the sound 
produced by the vibrations of the metal 
laminations of the transformer core. For 
example, vibrations cause the humming 
sound heard from an AC transformer in 
operation. Any such vibrations can loosen 
bolted connections in distribution system 


equipment. Transformer connections must 
be frequently checked to avoid problems 
caused by loose connections from trans- 
former hum. 

Thermal cycling is the expansion and 
contraction of metal components as a result 
of heat produced by electrical current. The 
combination of vibration and thermal cycling 
can loosen bolted connections. Loose con- 
nections produce high resistance to current 
and excessive heat that can result in fire. 


Bolted Connection Devices. When a nut 
is applied to a bolt, it is usually desirable 
to insert a locking device under the nut. 
The most common type of locking device 
is a lock washer. A lock washer is a round 
washer that is split, slightly bent, and in- 
stalled between a nut and the surface of the 
workpiece. Lock washers are used to secure 
a nut in position and prevent premature 
loosening. Lock washers do have certain 


limitations. For example, lock washers 
only apply clamping pressure at the point 
of the split. Additionally, applying exces- 
sive torque during installation can ruin the 
clamping effect of a lock washer. 

A Belleville washer is a disk-shaped, 
spring-type locking device used to apply 
clamping pressure around the entire arc 
of a bolted connection. Belleville washers 
can be used under both the nut and the head 
of the bolt in the same bolted connection. 
Belleville washers are commonly used 
when joining busbars together. Belleville 
washers hold tight where heat or vibrations 
can loosen connections and can increase the 
integrity and reliability of bolted connec- 
tions. Belleville washers are specified by 
diameter (inside and outside), thickness, 
and height. See Figure 8-23. 
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Figure 8-23. Belleville washers hold tight 
where heat or vibrations can loosen con- 
nections and are used to hold busbars 
together. 
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Electrical distribution system equip- 
ment is typically shipped from the vendor 
with specific bolts, nuts, and washers to 
be used. Nuts and bolts are specified by 
size and type. Type is based on material 
hardness, material composition, and thread 
direction (right-handed or left-handed) of 
nuts and bolts. 


Torque. Torque is rotational force. Ro- 
tational motion is applied to bolted con- 
nections to compress locking devices and 
tighten connections to optimum values. 
Torque is measured in in-lb or ft-lb and the 
newton-meter (N-m). Most torque wrenches 
and torque screwdrivers operate by setting 
an indicator to preload a snap mechanism 
that releases at a specified torque value. 
When the mechanism clicks or releases the 
ratchet head, it indicates the desired torque 
value has been reached. Torque wrenches 
and torque screwdrivers should be handled 
with care and never used to loosen tightened 
connections. See Figure 8-24. 

Nuts, bolts, lock washers, and Belleville 
washers are designed to have varying 
amounts of torque applied. Applying too lit- 
tle torque can result in the bolted connection 
loosening and causing an electrical failure. 
Applying too much torque can distort the 
threads on the nut and bolt, damage the 
locking device and result in failure of the 
bolted connection. Bolted connections must 
be tightened to the specified torque value. 


Ground wires must be torqued to specific values with the appropriate 


ground lugs. 
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Grounding System Connections 
The NEC® is specific in its requirements 
for connecting grounding conductors and 
bonding jumpers. The failure of one of these 
connections could result in excessive voltages 
between a piece of equipment and ground, 
causing electrical shock hazards. Additional 
problems that can result, such as excessive 
voltage surges, can destroy equipment and 
even cause structural damage to a facility. 
The main methods used to make grounding 
system connections include use of mechanical 
grounding connectors, exothermic welding, 
and irreversible compression grounding 
connectors. 


Mechanical Grounding Connectors. A 
mechanical grounding connector is a clamp 
or lug specifically designed and listed for 
grounding purposes. Mechanical ground- 
ing connectors are typically composed of 
high-copper alloy. See Figure 8-25. Most 
mechanical grounding connectors are also 
suitable for direct burial in the earth. It is 
the responsibility of the technician to verify 
that any device installed is listed for that 
particular application. 

Mechanical grounding connectors are 
used for different applications but are com- 
monly used to provide for the connection of 
grounding conductors and bonding jumpers 
to equipment such as grounding rods and re- 
bars, busbars, fencing and fence pipes, water 
pipes, steel beams, and transformer tanks. 
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Additionally, copper braided straps with 
mechanical connectors at each end are used 
to connect to equipment that vibrates or is 
subject to movement. Guidelines specific 
to the installation of mechanical connectors 
include the following: 

* Verifying proper connector type is 
installed for application 

* Verifying buried connectors are listed 
for direct burial 

* Verifying connector is compatible 
for use with specified metal it is to 
be connected to, per manufacturer's 
instructions 

* Not exceeding the listing requirement 
for the number of conductors placed in 
connector; if a connector is not listed for 
use with multiple conductors, it is only 
suitable for use with only one conductor 

* Removing any paint beneath the contact 
point of the connector so that the con- 
nector makes contact with bare metal 

* Installing connector in accordance with 
the manufacturer's instructions 

* Applying specified torque values 


In addition fo torque wrenches with 
dial, analog, or digital scales, torque 
wrenches are available with preset 
and/or custom torque values to pre- 
vent overtorque conditions. 


‚> Mechanical Grounding Connectors 
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Exothermic Welding. Exothermic weld- 
ing is a self-contained process in which 
intense heat produces a chemical reaction 
inside of a mould to weld (join) conduc- 
tors together. A mould is a device that 
houses the conductor points to be welded 
and provides safe containment for the 
high-temperature chemical reaction pro- 
cess that welds metals. See Figure 8-26. A 
typical exothermic welding process ignites 
powdered copper-oxide and aluminum to 
produce a heat reaction. Exothermically 
welded copper connections are strong, 
durable, and corrosion resistant. To make 
an exothermic weld, apply the following 
procedure: 


**- Moulds 


POWDERED 
COPPER-OXIDE 
INSERTION POINT 


CONDUCTOR 
INSERTION 
POINTS 


FOR CONNECTION 
TO WATER PIPES 
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FOR CONNECTION 
TO GROUNDING RODS 
AND REBAR 
(DIRECT BURIAL) 


CAUTION: Always follow manufactur- 
er's instructions for the specific mould and 
type of weld to be completed. 

1. Locate conductors in weld cavity of 
mould. Close and lock mould. 

2. Add steel retaining disc on top of con- 
ductors in mould. 

3. Add weld powder. 

4. Add starting powder. 

5. Ignite starting powder with igniter tool. 

6. Starting powder melts weld powder into 
a copper alloy over the steel retaining 
disc. 

7. Allow welded conductors to cool, and 
remove from mould. See Figure 8-27. 
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Figure 8-25. Mechanical 
grounding connectors 
are used to connect 
grounding wires to pipes, 
tubes, grounding rods, 
and rebar. 


Figure 8-26. A mould is a 
device that houses the 
conductors to be weld- 
ed and provides safe 
containment for the exo- 
thermic reaction process 
that welds metals. 
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Figure 8-27. Conductors 
can be joined by plac- 
ing them in a mould and 
using intense heat that 
forms an exothermic 
reaction. 
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Dieless battery-powered crimping 
tools are available that can crimp 
compression lugs and 750 kcmil splic- 
es with up to 6.2 tons of force. The die- 
less design eliminates the purchase or 
replacement of crimping dies. 


Irreversible Compression Grounding 
Connectors. An irreversible compression 
grounding connector is a solderless pressure 
connector specifically designed and listed 
for grounding purposes. Once installed, irre- 
versible compression grounding connectors 
cannot be removed. Irreversible compression 
grounding connectors are made of copper, 
designed for certain grounding or bonding 
applications, and installed with specifically 
designed manual or battery-powered hy- 
draulic compression tools. See Figure 8-28. 


Some connectors can also be prefilled with 
an electrical joint compound to minimize the 
possibility of any corrosion after installation. 
Properly installed irreversible compression 
grounding connectors are commonly used in 
grounding applications and provide excellent 
mechanical strength and durability. To install 
an irreversible compression grounding con- 
nector, apply the following procedure: 

1. Insert die in tool. 

2. Place compression tool on crimp con- 
nector so die fits properly on connector. 

3. Apply pressure with crimping tool to 
securely crimp connector in place. 

4. Remove tool and inspect for secure 
mechanical connection and for properly 
embossed crimp connection. 

Note: The embossment on the crimped 
connection must properly reflect the size and 
type of die that was used for the connection. 


» Irreversible Compression Grounding Connectors 
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Figure 8-28. Irreversible compression grounding connectors are installed with specifically designed hydraulic 


compression tools. 


SUMMARY 


Electrical distribution systems are used to 
route power throughout commercial and 
industrial facilities. A facility distribution 
system connects to the utility at the ser- 
vice point. Technicians are responsible 
for the installation of service conductors 
and associated switchboards and wiring as 
applicable to bring this power into the fa- 
cility. In larger facilities, the installation of 
unit substations requires the installation of 
large transformers and switchgear to bring 
power into the facility. 

Once power enters the facility it must be 
routed throughout and supplied at the different 


CONNECTORS 


MANUAL HYDRAULIC 
COMPRESSION TOOLS 


nominal system voltage ratings required by 
electrical equipment. Separately derived 
systems must be installed as needed to meet 
varying power requirements. Though these 
systems can be individual generators, they 
usually consist of distribution transformers 
feeding one or more panelboards to supply 
various loads in the facility. Larger equip- 
ment such as switchgear and MCCs must 
be properly handled and installed. All 
distribution system equipment must be 
properly stored and maintained prior to in- 
stallation. Special care must be used when 
rigging and lifting electrical equipment 
and setting equipment in place. Wiring 
terminations must be completed. 


BATTERY-POWERED 
HYDRAULIC 
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Proper grounding at both the service 
and at separately derived systems must 
be accomplished. Distribution system 
grounding limits the effects of voltage 
surges on the system and stabilizes volt- 
age during normal operation. Bonding 
is the joining together of all metal com- 
ponents of the distribution that do not 


normally carry current, but could acciden- 
tally become energized. Proper bonding 
results in fault current being carried 
back to the source and personnel being 
protected from the dangers of electric 
shock. It is important for all grounding 
and bonding to be done in accordance 
with NEC? requirements. 


Commercial and Industrial 


Distribution Systems 


Date 


Name 


Multiple Choice 


A grounding ___ is a metal component that contacts the earth and has a conductor 


connected to it. 
A. box 
B. clamp 
C. electrode 
D. switch 
Panelboards in commercial and industrial facilities are often 480/277 V panelboards 


(power panelboards) or — panelboards. 
A. 115/120 V 
B. 208/120 V 
C. 230/120 V 
D. 480/208 V 
Mechanical grounding connectors are typically composed of high- — alloy. 


A. aluminum 
B. copper 
C. steel 
D. zinc 
When installing service disconnects, they must be grouped together with no more than 


. . in one location. 
A. three 
B. four 
(^ SUE 


D. ten 
A(n) is an electrical conductor used to connect non-current-carrying metal parts 


5. 
of equipment or enclosures to the system grounded conductor or grounding electrode. 


A. equipment bonding jumper (EBJ) 
B. equipment grounding conductor (EGC) 
C. grounding electrode conductor (GEC) 


D. main bonding jumper (MBJ) 
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6. 


10. 


11. 


12. 


Examples of separately derived systems include , solar photovoltaic systems, 
generators, and transformers. 
A. batteries 


B. fuses 
C. lamps 
D. switches 


. A(n)__ isadevice located over and around contacts to cool and extinguish an electrical 


arc when contacts open under load. 
A. arc chute 


B. barrier 
C. cooling chute 
D. terminal plate 


: transformers isolate the power circuit from the control circuit, providing additional 


safety for the circuit operator. 
A. Auto 
B. Control 
C. Dry-type 
D. Liquid-filled 


. If an EGC is larger than 6 AWG,  -colored insulation is used. 


A. beige 
B. black 
C. green 
D. white 


A _ point is the point at which utility conductors are connected to a facility wiring 
system. 
A. connection 


B. power 
C. service 
D. wiring 


Transformer hum is the sound produced by the vibrations of the metal — of a transformer 
core. 

A. casing 

B. terminals 

C. heat sink 

D. Jaminations 


Typically, motors that operate above 100 V are expected to operate at 90% to__% of 
their voltage rating. 

A. 100 

B. 105 

C. 110 

D. 115 
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13. A, is an electrical device that switches and transforms incoming distribution voltages 
down to plant-distribution voltage levels. 
A. fused switch 


B. motor control center (MCC) 
C. transformer 
D. unit substation 


14. A metering isa group of electrical service meters in a facility. 
A. bank 


B. gang 
C. group 
D. system 


15. А(п) ___ washer is a round washer that is split, slightly bent, and installed between a 
nut and the surface of the workpiece. 
A. Belleville 
B. lock 
C. offset 
D. split 


16. A(n) X is aconnection for electrical service equipment that ties together the equipment 
grounding conductor (EGC) and the grounding electrode conductor (GEC). 
A. neutral conductor 
B. main bonding jumper (MBJ) 
C. grounded conductor 
D. equipment bonding jumper (EBJ) 


17. Electrical insulation on most conductors used in systems rated at 480 V and below is 
rated for — V maximum. 
A. 480 
B. 500 
C. 600 
D. 800 


18. The AC energy transfer in a transformer is made magnetically through the — . 
A. primary winding 
B. secondary winding 
C. coolant 
D. iron core 


19. Bonding methods are used to protect personnel and equipment from — 
A. ground-fault conditions 
B. arc flash 
C. lightning strikes 
D. overcurrent conditions 


20. As a distribution system operates, the — can vary due to loads cycling on and off. 
A. magnetic field 
B. voltage 
C. ampacity 
D. impedance 


21. The NEC? does not permit the use of conductors smaller than ____ AWG for copper for 
wiring in applications up to 2000 V. 
A. 8 
B 
C. 14 
D. 16 


22. When electrical equipment is stored, temporary space heaters can be used to maintain 
a temperature that 15 __. 
A. above 70°F 
B. 10°F above ambient temperature 
C. between 80°F and 95°F 
D. consistent with the ambient temperature experienced in the summer 


23. Atypical___ combines individual control units into standard modular structures, which 
are joined together for convenience. 
A. motor control center 
B. unit substation 
C. transformer bank 
D. panelboard 


24. ___ of transformers can be provided by covering, shielding, fencing, enclosing, or 
otherwise prohibiting approach or contact by persons or objects. 
A. Installation 


B. Lockout/tagout 
C. Electrical protection 
D. Physical protection 


25. Atypical X ignites powdered copper-oxide and aluminum to produce a heat reaction. 
A. combustion spark 


B. arc flash 
C. exothermic welding process 
D. step-up transformation 
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Completion 


БЫ ЕЛУ йр 


10. 


11. 


12. 


13. 


14. 


ES; 
16. 
17. 


18. 


19. 


20. 
21: 


- Motor control centers (MCCs) are usually supplied with power from a panelboard 


or 


A(n) ___ is a disk-shaped, spring-type locking device used to apply clamping pressure 
around the entire arc of a bolted connection. 


A(n) is a conductor that connects two or more parts of the equipment grounding 
conductor. 


is rotational force. 
is a value assigned to a circuit or system to designate its voltage class. 
Industrial and commercial transformers installed outdoors must be installed in a(n) , 


In addition to equipment grounding, ^ and are also used to protect against ground 
faults through use of low-impedance grounding paths. 


is the ratio of true power used in an AC circuit to apparent power delivered to the 
circuit. 


. . is the expansion and contraction of metal components as a result of heat produced 
by electrical current. 


The minimum-size EGC for grounding raceways and equipment is based on the 
or setting of the automatic overcurrent device in the circuit ahead of the equipment. 


A(n) system has no direct electrical connection to energize conductors of a different 
system. 


A(n)  isasolderless pressure connector specifically designed and listed for grounding 
purposes. 


is the conductors and equipment used to deliver electrical energy from the secondary 
distribution or street main to the wiring system of the location served. 


A(n) isa meter used by the utility to determine the electrical energy usage of a 
facility. 
A(n) is a sheet of insulating material placed between the contacts of each phase. 


A(n) is the coil of a transformer that draws power from the source. 


A(n) ___ bar connects to lifting cables and is used to distribute weight evenly when 
lifting equipment with wide frames. 


A(n) is a service conductor that is run underground, such as from a transformer 
into a building. 


The main methods used to make grounding system connections include use of mechanical 
grounding connectors, exothermic welding, апа — . 


A(n) is a central location for troubleshooting and servicing motor control circuits. 


Commercial and industrial wiring may require the installation of battery systems to be 
used as part of  — and the installation of standby and emergency generators and their 
associated electrical system components. 


22. are designed for use in electrical distribution systems to increase or decrease the 
voltage and current safely and efficiently. 


23. is equal to voltage times current and is always equal on both sides of a transformer. 


24. Failure to correctly accomplish _ or bonding can result in fire, shock, electrocution, 
fluctuating system voltage levels, or equipment damage or failure due to voltage surges. 


25. Should any non-current-carrying devices accidentally become energized as during a 
ground fault, a(n) ^ can safely carry the fault current to its desired destination at the 
power source. 


True-False 

T F 1. Liquid-filled transformers are typically used in high-voltage applications. 

T F 2. Copper conductors are commonly installed as EGCs and can be bare, covered, or 
insulated. 

lh F 3. Voltage is lower at the end of a circuit because of the size, type, and length of conductors 
and because of the amount of current traveling through the circuit. 

T F 4. Nameplates must be provided for every second motor starter enclosure for the purpose 
of identifying the motors served. 

Ji F 5. Impedance along a bonding path must be high. 

JE F 6. Electrical connections in a distribution system that are too loose or too tight can result 
in electrical problems and damage to equipment. 

T F 7. Technicians that move and set electrical equipment must be trained and familiar with 
the operation of powered industrial trucks (forklifts). 

T F 8. Technicians are responsible for the installation of the meter socket enclosure as part of 
the service installation work. 

T F 9. Spot welding is a self-contained process in which intense heat produces a chemical 
reaction inside of a mould to weld (join) conductors together. 

T F 10. Improper bonding can result in overheating systems and equipment, causing a fire 
hazard. 

T F 11. A service lateral is a service conductor that is run overhead to a building. 

ib F 12. Poor power factor can require increased conductor size. 

T F 13. A grounded conductor is commonly referred to as a neutral conductor. 

T F 14. When installation of a unit substation is complete, acceptance tests such as check- 
ing insulation resistance and resistance across bolted connections do not need to be 
performed. 

T F 15. An MBJ is used only at the service and is the connection between the grounded con- 


ductor and the EGC. 
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At F 16. Belleville washers are commonly used when joining busbars together. 


at Е 17. Electrical service equipment is always located at the beginning of the service conductors 
opposite of the utility connection. 


T Е 18. Because of the complexity and large number of loads typically used in commercial and 
industrial facilities, new electrical systems cannot be separately derived from incoming 
power. 

T F 19. Once installed, irreversible compression grounding connectors can be removed as often 


as required. 


T F 20. Transformers installed indoors in commercial and industrial facilities can be suspended 
from a ceiling. 


T Е 21. The most severe form of voltage surge to occur on a distribution system is a lightning 
strike to the outside distribution line. 


T F 22. A primary winding is the coil of a transformer that delivers the energy at the transformed 
or changed voltage to the load. 


Ap F 23. In an industrial distribution system, it is necessary to utilize different voltages. 
т Е 24. Electrical service meters measure energy in watts (W). 
JU E 25. Abonding jumper is installed to provide electrical conductivity between metallic devices 


of an electrical system. 


Short Answer 


1. Explain what determines whether a transformer is step-up or step-down. 


2. Explain why generated voltages are stepped-up for distribution across large distances and then stepped back down 
to meet consumer needs. 


3. List the possible causes of ground faults. 


4. Explain the two objectives accomplished by providing physical protection for transformers. 


5. Explain why the proper amount of torque must be applied to nuts, bolts, lock washers, and Belleville washers used 
with electrical connections. 
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Equipment Grounding Conductor (EGC) Types 


AC cable 

. Cablebus framework 

Copper, aluminum, or copper-clad aluminum conductor 
EMT 

FMT 

IMC 

Listed FMC 

. Listed LFMC 


е ® зз M рь ыы (з 


MC cable listed for grounding 


м 
= 


. Metallic cable tray 
. Ml cable 


rm 
ы = 


Other continuous raceways and auxiliary gutters listed for grounding 


RMC 


= кы 
Bow 


Surface metal raceways listed for grounding 
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Compare the purposes of devices 
and utilization equipment. 


List and describe the common types 
of devices. 

Describe device installation consid- 
erations 


Describe the common types of elec- 
trical circuits 


Compare the principles and charac- 
heristics of different lamp Types 
Compare the principles and chorac- 
teristics of different motor types. 


Describe motor testing procedures. 


DEVICES 


During commercial and industrial installa- 
tions, drawings such as floor plans indicat- 
ing the types and classifications of wiring 
devices that must be installed are used. 
Most of the devices installed on a project are 
receptacles and switches. Written specifica- 
tions can provide more detailed information 
required for the device installation process 
such as device ratings, classifications, recom- 
mended device manufacturers, and mounting 
requirements. Technicians must select the 
proper device for the installation. 


Different types and classifications of wir- 
ing devices are used in commercial and 
industrial installations. Selecting a device 
of the proper rating and type requires un- 
derstanding the terminology, classifications, 
and specifics of basic devices such as recep- 
tacles and switches. 


э” xt ee 


ices. and Circuli 


standard installation of devices and circuits must be performed 
on àregulor basis during a.commerciat or industrial installation 
project. For example, an installer is expected to be able to 
properly install a receptacle into a circuit without reference 
from: manuals. or more experienced installers 

When installing specialized equipment such as lighting and 
motors, reference from manufacturer's instruction manuals 
can be required. With most installations, information and të 
bles from the NEC must be available to ensure conformance 
with these requirements. Installation tasks such as interpreting 
motor nameplates, wiring receptacles and switches, installing 
luminaires in suspended. ceilings, and: performing. insulation 
resistance tests are standard installation tasks an installer is 
expected to be familiar with when performing commercial 


dnd industrial wiring installations 


Device Types. A device is a unit in an 
electrical system designed to conduct, but 
not use, electrical energy. Devices used in 
commercial and industrial installations are 
commonly referred to as “wiring devices.” 
In addition to switches and receptacles, 
common examples of devices are fuses, 
circuit breakers, and lampholders. 

A contact device is a device in which 
physical contact must be made with anoth- 
er device to allow electrical current to be 
passed on to the load. A switch is a device 
used to control flow of electricity through a 
circuit or change the connection of a circuit. 
A receptacle is a contact device used for 
easily and temporarily connecting electrical 
equipment to a power source. Conductors 
from the power source are attached to the 
back or sides of a receptacle, and a plug 
connected to the equipment is inserted in 
slots on the front of the receptacle. A fuse 
is an overcurrent protection device with a 
fusible portion that is heated and broken 
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by the passage of excessive current. Fuses 
are used to open a circuit and to stop over- 
currents. A circuit breaker is a device that 
opens and closes a circuit by nonautomatic 
means, and automatically opens a circuit 
when a predetermined overcurrent is reached 
without damage to itself. A lampholder is 
an electrical fixture that supports and makes 
electrical contact with a lamp. 

Devices do not consume electrical 
energy. They are used to carry electrical 
energy to utilization equipment. Utilization 
equipment is equipment that converts elec- 
tricity into a useful form of energy, such as 
motion, heat, or light. Common examples 
of utilization equipment include lamps, 
motors, and heating elements. A /amp is 
an output component (load) that converts 
electrical energy into light. A motor is a 
component that converts electrical energy 
to rotating mechanical power. A heating 
element is a portion of an electrical appli- 
ance that produces heat by electric current. 
See Figure 9-1. 

Additional devices include attachment 
plugs and cord connectors. An attachment 
plug is a device that, when inserted in a 
receptacle, makes a connection between the 


__. Utilization Equipment 


INDUSTRIAL OVEN 


HIGH-INTENSITY 
DISCHARGE 


(HID) LAMP 


THREE-PHASE 
MOTOR 


MOTORS 


conductors in an electrical receptacle and an 
attached flexible cord. A cord connector is a 
receptacle device used on the end of a flexi- 
ble cord to accept an attachment plug. Cord 
connectors are used with most extension cords 
for connections between portable generators 
and electric power tools. 


Device Classifications. A device classification 
is a name assigned by NEMA based on the 
device purpose, application, and ratings. De- 
vices can have additional classifications with 
specific voltage and current ratings. Selecting 
a device with an insufficient voltage or 
current rating for the application can result 
in overheated equipment and fire hazards. 
Devices are rated according to their volt- 
age and current limitations. Most devices 
are available with different ratings and con- 
figurations. For example, a lampholder with 
a medium (Edison) base can be rated for 
125 V while a different lampholder, similar 
in construction but with a larger, mogul base, 
can be rated for 277 V. Contact devices such as 
receptacles can be rated from 125 V to 480 V. 
Current ratings also vary. For example, 125 V 
receptacles commonly used in commercial and 
industrial wiring can be 15 A or 20A. 


HEATING ELEMENTS 


Figure 9-1. Common examples of utilization equipment include lamps, motors, and heating elements. 


Overcurrent protective devices have addi- 
tional ratings and are classified by type, set- 
ting, and interrupting rating. An overcurrent 
protective device (OCPD)is a circuit breaker 
(CB), fuse, or switch with a circuit breaker 
that disconnects or discontinues current 
flow when the amount of current exceeds 
the design specifications. See Figure 9-2. 
Ап interrupting rating is the highest current 
at rated voltage an overcurrent protective 
device is intended to open and interrupt. 
An interrupting rating is usually thousands 
of times higher than the trip setting of an 
overcurrent protective device. 

Devices marked as “Commercial and In- 
dustrial Grade" are designed for commercial 
and industrial environments. Devices marked 
as "Spec Grade" are manufactured to meet 
certain federal specifications. 


NEMA Configurations. NEMA config- 
urations are a set of standard designations 
for devices such as attachment plugs and 
receptacles produced by the National Elec- 
trical Manufacturers Association (NEMA). 
For example, each designation of attachment 
plug contact blades has a specific shape and 
size. Specific configurations ensure that an 
attachment plug can fit into a receptacle 
of the same configuration only. A recep- 
tacle cannot accept an attachment plug of 
a different voltage or current rating than 
that for which it is specifically intended. 
See Appendix. 


Gould Ine. 
Cartridge fuses are typically used as 
OCPDs in industrial applications. 


Chapter 9— Devices and Circuits 


а. Overcurrent Protective _ 
^ Devices (OCPDs) 


DISCONNECT WITH 
BREAKERS 


Figure 9-2. Overcurrent protective devices 
include circuit breakers, fuses, or disconnect 
switches with a circuit breaker or fuses. 


Receptacles 


A receptacle is an electrical contact de- 
vice for connecting electrical equipment 
to a power source. A single receptacle 
is a receptacle that has a single contact 
device mounted on one yoke. A duplex 
receptacle is a receptacle that has two 
contact devices mounted on the same yoke. 
See Figure 9-3. A general-use receptacle is a 
receptacle manufactured to supply various 
types of electrical loads and meets UL 
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safety standards for general use. A 125 V 
general-use receptacle is the most common 
device in commercial and industrial instal- 
lations. Though rated at 125 V, a 125 V 
receptacle is installed on 120 V systems 
because the voltage rating of the device 
must always be greater than the nominal 
system voltage. Receptacles rated at 125 V 
are available with different NEMA con- 
figurations. For example, a neutral slot 
shaped in a “Т” configuration is rated for 
20 A. In addition to 125 V receptacles, 
receptacles with specific designs are used 
for specific applications. 


Isolated Ground Receptacles. An isolated 
ground receptacle is a receptacle in which 
the grounding terminal is isolated from 
the device yoke or strap. See Figure 9-4. 
Isolated ground receptacles are installed 
on branch circuits as required. On isolated 
ground receptacles, there is no bonding 
jumper between a metal device box and 
the receptacle ground terminal. Instead, an 
isolated EGC is routed through conduit with 
branch-circuit conductors. An isolated EGC 


Receplocios 


SINGLE 


can connect at the service panel or first 
panel in a separately derived system and 
pass through one or more subpanels without 
connection to the equipment grounding bus. 
The isolated EGC terminates at the isolated 
ground receptacle ground terminal because 
it is isolated from the remainder of the 
EGCs in the system. The metal device box 
in which the receptacle is installed must be 
grounded by an EGC routed with the circuit 
conductors or through a metallic raceway 
such as EMT that functions as an EGC. 

Isolated ground receptacles have an 
orange-colored face or an orange triangle 
on a beige-colored face, and can be in- 
stalled in a nonmetallic box, provided that 
it is covered with a nonmetallic faceplate. 
Faceplates listed for use with isolated 
ground receptacles must be marked “Iso- 
lated Ground.” Isolated ground receptacles 
are used for protection for computers and 
other sensitive electronic equipment from 
electromagnetic interference and electrical 
noise caused by harmonics and undesirable 
current flow on the EGC. 


DUPLEX 


Figure 9-3. Receptacles are electrical contact devices used for connecting electrical 


equipment to a power source. 


GROUND TERMINAL ISOLATED 


FROM MOUNTING STRAP 
ALLOWS CONNECTION OF 
ISOLATED EGC 


Isolated Ground Receptacles 


Chapter 9—Devices and Circuits 299 


STAINLESS STEEL 
FACEPLATE 


FACEPLATE SCREW 
GROUNDED TO BOX 


ORANGE FACE 
OR TRIANGLE 


FACEPLATE MARKED 
AS “ISOLATED GROUND” 


Figure 9-4. Isolated ground receptacles allow for connection of an isolated EGC and 
are used to protect sensitive electronic equipment from electromagnetic interference. 


Hospital-Grade Receptacles. A hospital- 
grade receptacle is a specially constructed 
receptacle designed for use in specific 
health care facility applications. Per UL 
specifications, hospital-grade receptacles 
are identified by a green dot located on the 
face of the receptacle. In addition to health 
care facilities, hospital-grade receptacles 
are installed in institutional and industri- 
al locations because they are capable of 
handling demanding conditions such as 
constant use and motor vibration. Hospital- 
grade receptacles have greater grounding 
reliability, strength, and durability than 
general-use receptacles. 


GFCI Receptacles. A ground-fault circuit 
interrupter (GFCI) receptacle is a recep- 
tacle that interrupts the flow of current to 
the load when a ground fault occurs that 
exceeds a predetermined value of cur- 
rent. GFCI receptacles are identified by a 
"Test" and "Reset" button on the face of 
the receptacle. GFCI receptacles trip when 
the difference between ungrounded (hot) 
and grounded (neutral) conductor current 


exceeds a difference of 4 mA to 6 mA. 
These differing current values indicate a 
ground fault. See Figure 9-5. 


Explosionproof Receptacles. An explo- 
sionproof receptacle is a receptacle that is 
suitable for installation in locations that are 
subject to explosions. Explosionproof recep- 
tacles are usually composed of aluminum 
and contained in an iron housing. Explo- 
sionproof receptacles are used for protection 
in areas where explosive vapors, dusts, and 
gases could be present. Explosionproof re- 
ceptacles have a spring-loaded cover on the 
receptacle housing to protect the receptacle 
when not in use and are used with watertight, 
explosionproof plugs that are rotated and 
locked in place before power can be turned 
on to the equipment. See Figure 9-6. 


There are 32 different turn-lock plug, 
connector, and receptacle config- 
urations that meet NEMA standards 
and UL listings. 
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Figure 9-5. GFCI recep- 
facles trip when the 
difference between 
ungrounded (hot) and 
grounded (neutral) con- 
ductor current exceeds 
a difference of 4 mA to 
б mA. 
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Figure 9-6. Explosion- и 

proof receptacles are .. Explosionproof 
used for protection in ; 
areas where explosive 
vapors, dusts, or gases 


could be present. IRON HOUSING 
p ws 


SPRING-LOADED 
RECEPTACLE COVER 


Se PLUG MUST BE 
ROTATED AND LOCKED IN PLACE 
BEFORE SWITCH CAN BE TURNED ON 


Switches 


Single-pole, double-pole, three-way, and 
four-way switches are used to control 
lighting circuits. A single-pole switch is an 
electrical control device with one movable 
and one fixed contact, used to turn lights 
or appliances on and off from a single lo- 
cation. The most common switch used in 
commercial and industrial installations is 
a single-pole, single-throw (SPST) switch. 
Single-throw (ST) indicates a switch has 
OFF and ON markings. SPST switches have 
two terminal screws in addition to a green 
grounding screw on the back of the switch 
and are often referred to as single-pole 
switches. 

A double-pole switch is a switch with 
two blades and contacts for opening or 
closing both sides of an electrical circuit 
simultaneously. A double-throw switch is 
a switch that can change circuit connec- 
tions by moving the switchblade into one 
of two operating positions. A double-pole, 
single-throw (DPST) switch has two sepa- 
rate sets of contacts and makes and breaks 
contacts for two circuit conductors. DPST 
switches have OFF and ON markings and 
four terminal screws on the back of the 
switch. 

A three-way switch is an electrical 
switch used to control a fixture from two 
different locations, such as two ends of a 
hallway. Three-way switches must always 
be used in pairs. A three-way switch has 
three terminal screws and does not have 
an OFF or ON marking. А brass-colored 
terminal screw is identified as a “common” 
screw. 

A four-way switch is an electrical switch 
used in conjunction with two three-way 
switches to provide control of a circuit from 
three or more locations. More than one four- 
way switch can be used in the same circuit. 
A four-way switch has four terminal screws 
on the back of the switch and does not have 
an OFF or ON marking. The difference be- 
tween a four-way switch and a double-pole 
switch is that a double-pole switch opens 
and closes both sets of contacts at the 
same time, while a four-way switch opens 
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one set of contacts while closing another. 
Four-way switches must not be confused 
with double-pole switches because placing 
a four-way switch in a circuit designed for 
a double-pole switch will cause the circuit 
to not operate properly. See Figure 9-7. 
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Figure 9-7. Single-pole, double-pole, three-way, and four-way switches 
are used to control lighting circuits. 


Federat-Specification- Grade Receptacles 


A federal-specification-grade receptacle is a receptacle manu- 
factured to comply with Federal Specification W-C-596, "General 
Specification for Electrical Power Connectors." These devices 
have capital letters “F” and "S" each in a wing on either side of the 
UL listing mark located on the receptacle. Federal-specification- 


grade receptacles exceed requirements for safety, durability, and 
service life of general-use receptacles and are offen required 
to be installed on commercial and industrial wiring projects. 
This requirement is often found in the written specifications for 
the project. The federal specification was created as a method 
fo help government procurement personnel obtain the correct 
receptacle from suppliers. 


Since most commercial and indus- 
trial lighting circuits operate at 277 V, 
commercial- and industrial-grade switches 
are rated up to 277 V. Switches are con- 
nected so that their blades are de-energized 
when the switch is in the open position. 
Switch enclosures are mounted so that 
gravity cannot close the switch and place 
the handle in the ON position (up). For 
example, switching devices that are used 
as disconnect switches include single- 
pole, single-throw (SPST), double-pole, 
single-throw (DPST), and three-pole, 
single-throw (3PST). See Figure 9-8. 


Disconneci Switches 
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Figure 9-8. Switching devices used as disconnect switches include 
single-pole, single-throw; double-pole, single-throw; and three-pole, 


single-throw. 


Disconnect switches and OCPDs must be locked out and tagged out 
while work is being performed. 


Enclosed single-throw safety switches 
are manufactured to meet commer- 
cial and industrial requirements with 
handles and blades that are visible. 
Safety switch blades are clearly visi- 
ble when the enclosure door is open, 
allowing the user to see if the switch 
is on or off. 


Device Installation 


Different types of devices are installed 
in commercial and industrial locations 
including switches, receptacles, fuses, 
circuit breakers, and transformers. When 
devices such as receptacles are installed, 
installation guidelines include adequate 
conductor-bending space in the receptacle 
box, receptacle-box mounting height and 
location, and the amount of conductor left 
in the receptacle box before the actual ter- 
mination takes place. 


Wire-Bending Space. Enclosed switches 
minimize fire hazards and protect switch 
components from mechanical abuse. En- 
closed switches also protect people from 
electrical shock. When enclosed switches 
are terminated, adequate wire-bending 
space must be available inside the box 
or enclosure. Bending wire (conductors) 
too sharply can stretch out and damage 
conductor insulation, reducing its integ- 
rity. Enclosures must provide adequate 
conductor-bending space at the terminals. 
The two types of wire-bending configurations 
are L bends and S bends. See Figure 9-9, 

In an L bend, the conductor does not 
enter or leave the enclosure through the 
wall opposite its terminals. With this type of 
bend, the conductors form a 90? or L bend. 
In an S bend, the conductor enters or leaves 
the enclosure through the wall opposite 
the terminals. With this type of bend, more 
space is required to bend the conductors 
so that they can terminate properly at the 
terminal lugs. Both L and S bends must 
conform to requirements listed in the NEC®. 


Wire- Bending Space 
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Figure 9-9. Enclosures must provide adequate conductor-bending space at the terminals. 


Voltage Barriers. When the voltage 
between adjacent switches meets certain 
values, voltage barriers must be installed 
between the switches. A voltage barrier is a 
permanent barrier that prevents connection 
between adjacent conductors through arcing 
or inadvertent touching of conductors. For 
example, voltage barriers are installed when 
two or more 277 V single-pole lighting 
switches are ganged inside a single box. If 
different circuits are supplying each switch, 
there can be a 480 V difference between 
conductors on the switch. Because 480 V 
is considered a large voltage difference, 
voltage barriers must be installed between 
the switches. See Figure 9-10. 


Device Wiring. Conductors can be termi- 
nated directly to a device. However, for 
typical installation of 125 V receptacles, 
a common practice is to “pigtail” the con- 
ductors to the receptacle. A pigtail is a short 
jumper wire installed from an incoming 
conductor to a terminal screw on a recep- 
tacle. A jumper wire can be connected to a 


circuit conductor with a solderless connec- 
tor. See Figure 9-11. 

The advantage of using a pigtail is that 
the device can be safely removed from the 
circuit at a later time without having to 
open the neutral conductor. Even though 
the ungrounded (hot) circuit conductor is 
de-energized, it is possible for the grounded 
(neutral) conductor to be carrying current if 
it is shared with other circuits. By remov- 
ing only the grounded pigtail conductor 
from the receptacle, the remainder of the 
grounded conductor circuit remains intact. 

Devices such as 125 V receptacles have 
terminal screws that are color-coded. A 
brass-colored screw is used to terminate 
the ungrounded circuit conductor. A 
silver-colored terminal screw is used for 
the grounded conductor. SPST switches 
do not have color-coding on their terminal 
screws because only an ungrounded circuit 
conductor can be attached to them. Green 
terminal screws are used for terminating 
grounding and bonding conductors. 
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Figure 9-10. Voltage barriers between two or more switches inside of 
the same box are installed for added safety. 
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Figure 9-11. A pigtail is a short jumper wire installed from an incoming 
conductor to a terminal screw on a receptacle. 


Modern connectors such as wire nuts 
do not require the use of electrical 
tape on the conductors to make a 
sound connection. 


When 125 V receptacles are installed in 
boxes, there is no NEC® requirement for 
the grounding slot to be mounted either 
“up” or “down.” Written project specifi- 
cations or the AHJ can be referenced for 
specifications as to the direction in which 
the receptacles are to be placed in an out- 
let box. Guidelines for properly installing 
devices include the following: 


e Strip insulation from conductors to 
the proper length as identified by the 
manufacturer. 

* Properly bond all device boxes. 

¢ Firmly tighten all terminal screws, or 
torque to specified value as required. 

* Mount device securely in device box by 
tightening mounting screws. 

* Do not overcrowd device box. Verify 
box fill and adequate wire-bending space 
requirements as needed. 

* [nstall proper type of faceplate securely 
and flat against wall. 

* Metal faceplates must be properly 
grounded as required. 

* Faceplate must completely cover wall 
opening. 

Bonding jumpers are not required where 
there is direct metal-to-metal contact be- 
tween a receptacle and a device box or 
where a receptacle yoke has a spring-type 
grounding strap. Bonding jumpers are re- 
quired for cover-mounted receptacles and 
grounded metal boxes. See Figure 9-12. 


CIRCUITS 


А circuit is a continuous conductive path 
through which electric current flows. Com- 
mercial and industrial circuits are used to 
supply electrical energy to utilization equip- 
ment from separately derived systems such 
as transformers, generators, and batteries 
through feeders and branch circuits. See 
Figure 9-13. Switch connections are installed 
in branch circuits to control lighting and ap- 
pliances. To perform proper connections of 
feeder and branch circuits, conductors must 
be properly identified. Proper installation of 
feeder and branch-circuit conductors requires 
the use of grounding methods and ground 
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fault protection. Since it is not uncommon 
for overcurrent conditions to occur at a load, 
overcurrent protection must be provided. 
Certain rules allow for exceptions to NEC? 
provisions for overcurrent protection. 


Feeders 


A feeder is a group of circuit conductors 
between the service equipment and the 
final branch-circuit overcurrent protection 
device. Feeders can be overhead or buried 
underground. In large distribution systems, 
feeders must not be confused with service 
conductors from a utility. Separately derived 
systems may supply feeder conductors. Many comrmercial buildings have overhead service entrances. 
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Figure 9-12. Bonding jumpers are sometimes not required for device box installations. 
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Figure 9-13. Commercial and industrial circuits supply electrical energy to utilization 
equipment from separately derived systems through feeders and branch circuits. 
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In large industrial facilities, it is com- 
mon to tap off of an overhead feeder and 
run the feeder conductors underground to 
another point in the distribution system. 
Underground feeders usually operate 
at voltages of 600 V and higher. When 
working with conductors that have volt- 
ages over 600 V, technicians are required 
to have special training for both splicing 
and terminating conductors, as well as 
meeting specialized safety requirements. 
Only qualified persons can work on 
feeder conductors. 

Feeders can also be classified as to the 
loads to which they are supplying power. 
For example, motor feeders supply a motor 
circuit or circuits. However, in most dis- 
tribution applications, feeder conductors 
are the conductors between the source 
of the separately derived system and the 
panelboard. 


Special fools such as calculators, 
computer software, and printed tables 
are available for use to determine the 
proper sizing of feeders, services, and 
mofor conductors. 


Feeder Installation. When feeders are in- 
stalled, the first step is to select the proper 
size and type of conductor for the installa- 
tion. Feeder installation specifics such as 
conductor material, conductor insulation 
type, and voltage drop requirements are 
provided in the project documentation 
including prints and written specifications. 
In installations where the original loads to 
be connected to the feeder are changed, the 
feeder ampacity must be determined so that 
the proper size conductor is selected for 
installation. 

Design rules for sizing feeders are based 
on the total connected load to be supplied 
by the feeder. For example, if feeders are to 
supply transformers, the nameplate ratings 
of the transformers are added together to 
determine the amount of current the feeder 


must be sized to carry. Calculations for 
different sizes and types of conductors are 
listed in the NEC® and used to determine 
feeder conductor ampacity. As suggested 
by the NEC®, voltage drop on a feeder 
should never exceed 3%. Future distribu- 
tion system expansion must be considered 
when sizing feeder installations. Typically, 
additional electrical loads are added to a 
distribution system over time. 

Overhead feeder installation between 
distribution poles requires technicians 
with special skills such as experience and 
training with pole construction and aerial 
lifting equipment. A utility lineman typi- 
cally performs overhead feeder installation. 
Most feeder installation inside a facility is 
performed by routing conductors through 
cable trays and conduit runs. In some in- 
stallations, feeders are buried underground. 
Underground feeders are routed with rigid 
metal conduit (RMC), rigid nonmetallic 
conduits (RNC) or underground feeder 
(UF) cables. Underground feeder cables are 
typically used in installations that require 
feeders to be run from one building to an- 
other, such as on campus-style facilities and 
multibuilding industrial facilities. 


Branch Circuits 


А branch circuit is a circuit that is part of an 
electrical wiring system between the final 
set of circuit breakers or fuses and the fix- 
tures and receptacles. An individual branch 
circuit is a branch circuit that supplies 
only one box or receptacle. For example, 
an individual branch circuit can supply an 
air compressor that must be permanently 
mounted in one location. However, most 
branch circuits supply multiple loads. 

A general-purpose branch circuit is 
a branch circuit that supplies multiple 
lighting and appliance outlets. A general- 
purpose branch circuit is the most common- 
ly installed branch circuit. 

An appliance branch circuit is a branch 
circuit that supplies multiple outlets, 
but not lighting outlets. There can be no 


permanently connected luminaires (lighting 
fixtures) connected to an appliance circuit, 
unless the lighting is part of an appliance. 

A multiwire branch circuit is a branch 
circuit consisting of a minimum of two 
ungrounded conductors with a potential 
difference between them, and a grounded 
conductor with a potential difference be- 
tween it and the ungrounded conductors. 
The most common example of a multiwire 
branch circuit is a circuit that supplies 
both 240 V (between ungrounded and un- 
grounded conductors) and 120 V (between 
ungrounded and grounded conductors). 
See Figure 9-14. 


Branch-Circuit Installation. When 
branch circuits are installed, the first step 
is to select the proper conductor material, 
conductor insulation type, and conductor 
size. Copper is the conductor material 
most commonly used for branch-circuit 
wiring. Conductor insulation type is 
based on operating environment such as 
temperature, raceway type, and exposure 
to dirt, dust, or moisture. Branch circuits 
are rated based on the installed conduc- 
tor size. For example, per the NEC®, a 
12 AWG copper conductor requires 
a 20 A circuit breaker installed for 
overcurrent protection. If a 20 A circuit 
breaker is installed to protect the circuit, 
then the circuit is a “20 amp branch cir- 
cuit.” A “30 amp branch circuit" has a30A 
circuit breaker installed, and so on. Branch- 
circuit ratings are 15 A, 20 A, 30 A, 
40 A, and 50 A. 

In most commercial and industrial 
applications, a 20 A branch circuit is the 
most commonly installed general-purpose 
branch circuit. Typical circuit conductors 
installed are 12 AWG copper conduc- 
tors with type THHN insulation. Type 
THHN insulation meets most application 
requirements, has a more than adequate 
temperature rating (90°С), and has a 
thermoplastic construction with a nylon 
outer jacket which makes it easier to 
pull through raceways than other types 
of insulation. 
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Figure 9-14. Branch-circuit types can be individual, general-purpose, 
appliance, and multiwire. 
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Figure 9-15. Manually 
operated single-pole 
switches are often con- 
nected in series with au- 
tomatic switches. 


As with feeders, conductors must be 
sized to limit voltage drop in the branch cir- 
cuit to no more than 3%. The total combined 
voltage drop of the feeder and branch circuit 
should be no greater than 5%. Combined 
voltage drop greater than 5% can result in 
equipment not operating within its voltage 
limitations and can cause overheating of 
equipment such as motors. 


Switch Connections 


Different types of branch circuits require 
different types of switch connections. A 
single-pole switch can be used to energize 
and de-energize the ungrounded conductor 
in a heating and air-conditioning circuit. 
Manually operated single-pole switches are 
often connected in series with automatic 
switches. A manual single-pole switch 
provides a point in the circuit for removing 
power when switched to the OFF position. 
For example, a manually operated system 
ON/OFF switch is included with most 
thermostats. The manual switch can be 
used to turn off the automatically operated 
heating and air conditioning system. See 
Figure 9-15. 
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When a switching circuit is connected, 
only the ungrounded conductor is switched. 
The grounded conductor cannot be switched. 
The terminal screws on the single-pole 
switch are not color-coded, as it is only the 
ungrounded conductor that is connected to 
the switch terminals. To connect a switching 
circuit with two three-way switches, apply 
the following procedure: 

1. From the first three-way switch, connect 
the two travelers to the identical terminal 
screws on the second three-way switch. 

2. Connect the common terminal on the sec- 
ond three-way switch to the ungrounded 
conductor on the load fixture. 

3. Connect the ungrounded (neutral) con- 
ductor on the load fixture directly back 
to the source of power. 

It is best to use a three-conductor cable 
between the switches. Two conductors (usu- 
ally red and black) can be used as travelers 
and the third conductor (white) can be used 
as the neutral for the run. Only ungrounded 
conductors can be opened by switches. See 
Figure 9-16. If a lighting branch circuit 
must be controlled from a third location, a 
four-way switch is connected in between two 
three-way switches. 
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Sometimes it is required that circuit break- 
ers be used as switches for industrial lighting 
circuits. For example, if an industrial lighting 
circuit consists of fluorescent lighting, then the 
breaker must be marked “SWD” for switch- 
ing duty. Breakers installed for switching 
high-intensity discharge (HID) lighting must 
be marked as “HID” by the manufacturer. 

Other lighting circuits can use a 24 V 
control to operate relay contacts to supply 
208 V to 460 V to luminaires. The wall-switch 
contacts open and close to supply 24 V to the 
coil on a lighting contactor. When the lighting 
contactor coil is energized, its contacts close, 
supplying 277 V to the luminaires in the 
lighting circuit. 


Conductor Identification 


Commercial and industrial wiring of feeder 
and branch circuits often requires large 
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numbers of conductors to be routed through 
raceways. Several circuits can be routed at 
the same time. Some circuits can be from 
different power sources and have different 
voltages. For example, when two white 
conductors from two different circuits are 
pulled into the same raceway, they most 
likely have different voltages. It can be 
unclear which grounded conductor is for 
the appropriate circuit. One conductor can 
be white, while the other circuit grounded 
conductor can be white with a colored stripe 
(that is not green). It is the responsibility of 
the installer to identify and mark individual 
conductors. Individual conductor identifi- 
cation information may not be provided on 
electrical drawings. 

When there is more than one voltage 
system in a building, each ungrounded 
conductor of a multiwire branch circuit, 
where accessible, must be identified by 


Figure 9-16. Only un- 
grounded conductors 
can be opened by 
switches. 
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phase and system. While different methods 
can be used to identify conductors, the most 
common method used is the use of an insula- 
tion color-coding system. See Figure 9-17. 
For example, when both a 277/480 V and a 
120/208 V system are located in the same 
building, typical insulation color-coding 
schemes used in 120/208 V branch circuits 
are black, red, and blue for phase conduc- 
tors and white or striped for the grounded 
conductor, while the 277/480 V branch 
circuits use brown, orange, and yellow 
for phase conductors and gray for the 
grounded conductor. 
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Figure 9-17. Ungrounded branch-circuit conductors are identified by 
a color-coding system. 


Marking tape, tagging, or other effective 
methods such as labels can also be used to 
identify ungrounded branch-circuit conduc- 
tors. The grounded conductor of a branch 
circuit must be identified by insulation that 
is white or gray on the outer surface or by 
three continuous white stripes on other than 
green insulation along its entire length. See 
Figure 9-18. 
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Figure 9-18. The grounded conductor in 
a branch circuit must be identified by in- 
sulation that is white or gray or has three 
white stripes. 


For conductor sizes 4 AWG and larger, 
EGCS can be identified by one of the fol- 
lowing markings or colorings: 

* green insulation 

* green insulation with one or more yellow 
stripes 

* marking the exposed insulation or cov- 
ering with green tape or green adhesive 
labels whenever the EGC is accessible, 
except for in conduit bodies where the 

EGC is not spliced 


EGCS can be identified using different 
methods, depending on the size of the 
conductor. See Figure 9-19. EGCs can be 
identified by one of the following markings 
or colorings: 

e green insulation with one or more yellow 
stripes 

* green insulation 

* bare copper (no insulation) 


Feeder and Branch-Circuit Grounding 


Grounded conductors must not be switched. 
The entire length of the grounded conductor 
must remain continuous and connected to 
ground at all times. This is a safety consider- 
ation, because removal of a grounded conduc- 
tor can result in a shock hazard for personnel 
and cause damage to equipment. 


Grounded Conductors. In disconnect 
switches and circuit breakers, the grounded 
(neutral) conductor can be allowed to be 
switched under certain conditions. Grounded 
conductors can be switched only when all 
circuit conductors are disconnected simulta- 
neously or when the device is arranged so that 
the grounded conductor cannot be disconnect- 
ed until all the ungrounded conductors of the 
circuit have been disconnected. Disconnect- 
ing conductors in this manner maintains the 
continuity of the grounded conductor during 
circuit operation. A grounded conductor 
is never switched when using single-pole 
switches or circuit breakers because ground- 
ed and ungrounded conductors cannot open 
simultaneously. See Figure 9-20. 


Grounding. Proper grounding and bonding 
must be maintained in feeders and branch 
circuits just as throughout the remainder of 
the distribution system. When commercial 
and industrial wiring is installed, grounding 
path continuity of metal raceways through 
nonmetallic enclosures must be maintained. 
For example, if the enclosure is nonmetallic 
and metal conduits are connected to the box, 
there is no electrical continuity between the 
conduits. By using a bonding fitting on the 
end of each conduit, and a bonding jumper to 
a common bonding terminal bar in the box, 
electrical continuity can be maintained. See 
Figure 9-21. 
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Figure 9-19. An EGC can be identified using different methods, de- 
pending on the size of the conductor. 
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Figure 9-20. A grounded (neutral) conductor is never switched when 
using switches or circuit breakers. 


The grounding connections between a 
main panelboard and subpanels must be 
considered in commercial and industrial 
installations. In the main (supplied by the 
utility service) panelboard, the neutral and 
equipment grounding busbars are bonded 
together. However, they are isolated from 
each other in subpanels. A separate EGC 
terminal bar is installed and bonded to the 
panelboard for the termination of feeder 
and branch-circuit EGCs. See Figure 9-22. 
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Figure 9-21. The grounding path continuity of metal raceways must 
be maintained through nonmetallic enclosures. 
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Figure 9-22. Special consideration must be given to grounding and 
bonding in panelboards when installing feeder and branch circuits. 


GFCIs and Ground Fault 
Protection 


The installation of ground fault protection 
equipment is usually identified on elec- 
trical construction drawings as “СЕСТ” 
Receptacles on floor plans may have a 
“GFCI” next to them indicating the need 
to install a GFCI receptacle. However, 
as plans change during the course of the 
project, it is often left to the discretion 
of the technician to recognize the need 
for GFCI protection. GFCI receptacles 
are required by the NEC? to be installed 
in areas such as rooftops, outdoor lo- 
cations, kitchens, and bathrooms. See 
Figure 9-23. 


GFCI Operation. A ground-fault circuit 
interrupter (GFCI)is a fast-acting electri- 
cal device that automatically de-energizes 
a circuit or a portion of a circuit by open- 
ing the circuit in response to the grounded 
current exceeding a predetermined value 
that is less than required to operate the 
overcurrent protection device. A GFCI is 
intended for the protection of personnel 
and rapidly de-energizes a circuit when 
the current to ground exceeds 4 mA to 
6 mA. A GFCI monitors current flow on 
both the ungrounded and the grounded 
conductor in a circuit. If the device is 
located in a receptacle, it monitors current 
that flows to and returns from the load. 
If the GFCI device is a GFCI circuit 
breaker, it monitors the amount of current 
through each conductor for the entire 
branch circuit. 

Should there be any leakage of current 
out of a circuit (such as a ground fault), 
the GFCI senses the current imbalance 
and de-energizes the circuit in a fraction 
of a second. The point at which the device 
operates (4 mA to 6 mA) is less than the 
current required to cause a painful shock. 
For example, an individual operating a 
portable tool is protected by operation of 
a GFCI should any ground fault current 
leak into the frame or case of the tool. 

When branch circuits are installed, 
GFCI protection of receptacles is required 
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at the following locations in commercial conductors and equipment, excessive heat 


and industrial installations: can be rapidly produced, causing a fire 
* bathrooms hazard. Commercial and industrial wiring 
* commercial or institutional kitchens requires the installation of overcurrent 
* outdoors protection devices to protect against 


e receptacles оп rooftops for servicing heat- such situations. 
ing, cooling, and refrigeration (HACR) 
equipment 

* within 6’ of the edge of a sink 

* indoors in wet locations 

* locker rooms with showers 

* garages and service bays 


"t GFCIRaceptacles 


| ROOFTOP RECEPTACLE ON 
Ground Fault Protection of Equipment. SAME LEVEL AND WITHIN 25° 
М М Á OF A/C UNIT MUST BE 
Ground fault protection of equipment is a GFCI PROTECTED 
| { à A/C UNIT 
system of devices that provide protection OUTDOOR EE QUAL 


| | BUILDING 
to equipment from line-to-ground fault Р LOCATION 


currents by disconnecting all ungrounded Tom = — 
conductors in a faulted circuit. Current = = С] —] r3 - = 
transformers and sensors detect the oc- ka | ca | LJ 
currence of a ground fault and send a trip 
signal to the circuit breaker to trip open 
and clear the fault. Ground fault protec- vo | | шшк 
tion is provided at current levels less than 1 | НИ 
those that operate a fuse or circuit breaker | БЕ == 
protecting the circuit. A Mor 
Ground fault protection must not RECEPTACLES IN BATHROOM AND 
be confused with GFCI protection. KITCHEN MUST BE GFCI PROTECTED 
Ground fault protection of equipment 
is for the benefit of equipment while 
GFCI protection is for the benefit of 
personnel. Ground fault protection of 
equipment is focused on minimizing 
the chance for fire caused by ground- WHITE WIRE CONNECTED TO 
fault situations. SILVER-COLORED SCREW 
Ground fault protection of equipment 
is required for 480Y/277 V service, feed- GROUNDED 


er, and branch-circuit disconnects that ТОМЕТАРЕ 
are rated at 1000 А and higher. Ground i A. ul pau 
fault protection systems may require | TOES. COLO 
documented performance testing as | | UU Ж | SCREW 
part of acceptance testing of the distribu- 2 
tion system. GFC! 
RECEPTACLE 
Feeder and Branch-Circuit GREEN WIRE (OR 
Overcurrent Protection BARE WIRE) CONNECTED 


TO GREEN SCREW 


Under normal conditions, modern elec- 
trical equipment can be hot to the touch. 


However, when excess current is present Figure 9-23. GFCI receptacles are required by the NEC” to be installed 
in a circuit beyond the ratings of the in areas such as rooftops, outdoor locations, kitchens, and bathrooms. 
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Overcurrent Conditions. Three types of 
overcurrent conditions that are possible 
with commercial and industrial installations 
are overloads, short circuits, and ground 
faults. An overload is a small-magnitude 
overcurrent that, over time, can activate 
an overcurrent protection device. A short 
circuit is the excessive amount of current 
present as the result of little or no resistance 
between circuit conductors. A ground fault 
is a short circuit between conductors and 
grounded parts. Overcurrent protective 
devices (OCPDs) such as fuses and circuit 
breakers are designed to protect the circuit 
should an overload, short circuit, or ground 
fault occur. See Figure 9-24. 


Motor starters are typically installed in enclosures with both OCPDs 
and disconnect switches. 


Overcurrent Protective Device Selection. 

Whether a fuse or a circuit breaker is to be 

installed to protect against short-circuit and 

ground-fault conditions is a decision usu- 

ally not made by the installer. Selection of 

overcurrent devices is an engineering decision 

as part of the project design. However, install- 

ers may have to select the proper size and 

type of fuse to install in some applications. 

Prints and schedules usually specify the fuse 

to be installed in certain locations. Minimum 

OCPD ratings that must be considered prior 

to installation include the following: 

* AC and DC voltage ratings 

e ampere rating 

* fuse class 

* time-delay (dual-element) or non-time- 
delay characteristics 

* interrupting rating 

Project specifications typically reference 
fuse manufacturers, as well as other infor- 
mation on fuse requirements such as fuse 
class, voltage rating, and fuse size. Sizing 
of overcurrent protection is specific to each 
application. Fuses and circuit breakers are 
available in standard sizes based on their am- 
pere rating. An ampere rating is the maximum 
amount of current a fuse or circuit breaker 
can continuously carry. Current values in 
excess of the ampere rating cause a circuit to 
de-energize because of fuse or circuit breaker 
operation. A fuse class is a set of designations 
used to identify the basic performance and 
physical specifications of a fuse. The most 
common fuse classes are RK1, ЕК5, С, L, 
БИН Кап Ce. 

Circuit breakers can also be classified as 
inverse time. An inverse-time circuit breaker 
is a circuit breaker with a time delay in its trip- 
ping action. The delay in the tripping action 
decreases as the magnitude of the fault current 
increases. An adjustable circuit breaker is a 
circuit breaker that has mechanisms for time 
and current that can be manually adjusted. 
Occasionally, installers can be required to 
"adjust the trip" on, or "set;" an adjustable 
circuit breaker. An adjustable circuit breaker 
has its settings adjusted by turning an adjust- 
able device on the face of the breaker to the 
setting specified in the project documentation. 
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Overcurrents 


FUSE PROTECTS AGAINST 
L1- HOT OVERCURRENT CONDITIONS 


М = NEUTRAL 
BUSBAR 


CURRENT RETURNS 
TO GROUND 


SHORT BETWEEN 
CONDUCTORS AND 
GROUNDED PARTS 
(GROUND FAULT) 


GROUNDED 
OUTLET 


NORMAL CURRENT FLOW 
FOLLOWS DESIGNATED 
PATH THROUGH 
CONDUCTORS AND LOAD 


CURRENT RETURNS TO 
GROUND OR POWER SOURCE 


SHORT 
BETWEEN 
CONDUCTORS. 


NORMAL CURRENT CONDITION OVERCURRENT CONDITIONS 


Figure 9-24. Overcurrent is any current in excess of that for which the conductor or equipment is designed. 


600 kcmil Cu conductors from the same OCPD 
that can safely carry 420 A each, the maxi- 
mum-size OCPD permitted for the conductors 
is 1260 A (420 A x 3 = 1260 A). Because 
1260 A is above 800 A and is not a standard 
size, the next lowest standard-size OCPD is 


Time and current values for circuit break- 
ers can be listed in project documentation 
for individual applications and are based on 
values determined in the NEC®. 

Overcurrent protection requirements of 
800 A or less that do not correspond to a 


standard device size listed in the NEC® are 
rounded up to the next standard device size. 
Overcurrent protection requirements over 
800 A that do not correspond to a standard 
device size listed in the NEC® are round- 
ed down to the next standard device size. 
For example, if a raceway contains three 


selected (1200 A). 


Tap Rules. Conductors must be protected at 
their power source against short circuits and 
ground faults. A гар is a connection from one 
conductor to a smaller conductor to obtain 
power from the conductor to which the 
connection occurs. Protection against short 
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Figure 9-25. Tap rules are 
requirements that must 
be met to allow conduc- 
tors to be routed without 
short-circuit and ground 
fault protection at the 
point where they receive 
Their power supply. 


circuits and ground faults requires the instal- 

lation of fuses or circuit breakers at the point 

where conductors tap-off from one feeder and 
supply another circuit. However, if certain 

conditions are met, conductors can tap off of a 

feeder and not require an OCPD at the tap-off 

point. A tap rule is a requirement that must 
be met to allow conductors to be run without 
short-circuit and ground-fault protection at the 
point where they receive their power supply. 

Tap rules are specific for each applica- 
tion. One of the most common tap rules is 
the 10' tap rule. The 10' tap rule requires the 
following five conditions to be met so that 

a fuse or circuit breaker is not required at 

the point where the conductors receive their 

power supply: 

• Tap conductor length must not exceed 10". 

* Tap conductor ampacity must not be less 
than the combined loads and not less than 
the rating of the OCPD supplied, or not less 
than the OCPD where the tap conductors 
terminate. 

* Tap conductors must not extend beyond 
the equipment they supply. 

* Tap conductors must be protected in a 
raceway. 

* The tap conductor may not be less than 
10% of the rating of the OCPD protecting 
the conductors from which the tap is made. 
Tap rules are specific and require accurate 

analysis before they can be applied. There 

are eleven different tap rules ranging from 

“branch-circuit taps” to “conductors from 

generator terminals.” See Figure 9-25. 


”. 


& 5 Tap Rule Categories 


* branch-circuit taps 
* feeder taps not over 10' long 
* feeder taps not over 25' long 


* feeder taps supplying a transformer 
(primary plus secondary not over 25' long) 


* feeder taps over 25' long 
* outside feeder taps 


* transformer secondary conductors of 
separately derived systems for industrial 
installations 


* service conductors 

* busway taps 

* motor circuit taps 

* conductors from generator terminals 


LIGHTING CIRCUITS 


Outdoor industrial and commercial lighting 
is required for areas such as parking lots, 
entranceways, sports complexes, airports, 
buildings, piers, yards, and storage areas. 
Industrial and commercial outdoor light- 
ing systems can use low-pressure sodium, 
high-pressure sodium, metal-halide, or 
mercury-vapor lamps in voltages of 120 V, 
208 V, 240 V, 277 V, or 480 V. Power ratings 
range from 35 W to above 1500 W. 

Indoor industrial and commercial lighting 
is required for all rooms of occupancy, halls, 
restrooms, and work areas. Indoor industrial 
and commercial lighting systems can use 
incandescent, fluorescent, or LED lamps in 
voltages of 120 V, 208 V, 220 V, 240 V, or 
277 V. Power ratings range from almost any 
size up to 300 W for incandescent and 15 W 
to 215 W for fluorescent lamps. Commercial 
lighting also includes lighting information 
(signs and advertising), effect (stage lighting 
or black lights), and function (heat lamps or 
germicidal lamps). Informational commercial 
lighting systems (backlit plastic signs) can use 
incandescent or fluorescent lamps in voltages 
of 120 V and 277 V. Power ratings vary, based 
on the size of the sign. See Figure 9-26. 


LAMPS 


Lamps are used to produce light. A lamp is 
an output component that converts electrical 
energy into light. The amount of light a lamp 
produces is expressed in lumens. A lumen 
(Im) is the unit used to measure the total 
amount of light produced by a light source. 
The more lumens produced by a light source 
per watt of power used, the more efficient 
the light source is in producing light. For 
example, a standard 40 W incandescent lamp 
produces about 480 Іт (ог 12 Im/W), and a 
standard 40 W fluorescent lamp produces 
about 3100 Im (or 77.5 Im/W). А 40 W 
fluorescent lamp source is more light effi- 
cient than a 40 W incandescent lamp. The 
amount of lumens produced per watt varies 
depending on the lamp type and its wattage 
rating. Manufacturer's specification sheets 
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are used when determining exact energy 
efficiency for a given lamp. Forexample,a & — — | 
100 W standard high-pressure sodium lamp The Energy Policy Act (EPACT) of 1992 


can produce between 8610 Im (86 Im/W) сешес major changes m he Dias 
and 9500 Im (95 Im/W). See Figure 9-27. of lamps available for industrial uses. 


peeves & аа 


oum, : z Figure 9-26. Commer- 

ations cial lighting applica- 

tions include outdoor 

street lights, indoor fluo- 

rescent lights, and infor- 

mational lights (backlit 
plastic signs). 


INDOOR 
INFORMATIONAL 


OUTDOOR 
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Electrical, Technical and Ordering Data (Subject to change without notice) 


ANSI Std. Rated Approx. Approx. 

Product Ordering Code/ Pkg. а. MOL = Avg. Life Initial Mean 

Number Code Base Ballast Ref. Оу. — Description (in) (in) Hrs.’ Lumens Lumens 

306324 С35576/М 12 G (4,6,9, 12) 5% 24000+ 2250 2025 

30633-2  C35576/D/M 12 С (4,6,9, 12) % 24000+ 2150 1935 

30336-2 С50568/М \ G (4,6,9, 12) Sh 24,000+ 4000 3600 

30337-0 С50568/0/М . G (4,6,9, 12) 55 24,000+ 3800 3420 
© 36867-20 С50568/АІТО А 6,5 (4,6,9, 12) x 24,000+ 4000 3600 
© 331546 C50568/D/ALTO : G, S (4,6,9, 12) Li 24000- 3800 3420 

33192-6 С70562/М S - . С (4,6,9, 12) She 24,000+ 6300 5850 

33214-8 С70562/0/М - |. 562 С (4,6,9, 12) Hs 24,000+ 5860 5270 
@ 36869-5  €70S62/ALTO ED-23 4 . 562 G, S (4,6,9, 12) * 24,000+ 6500 5670 

30620-9 —— C70S62/RFL PAR-38 |. $62 GVW, 50 (4, 6, 12, 13 PEN 16,000 5000 3960 

34446-5 С100554/М 100  8D-17 Med. 5545 12 С (4,6,9, 12) She 24,000+ 9500 8550 — 21 

34448-1 С100554/0/М 100 80-17 Med. 5545 12 С(4,6,9,1 ET 24,000+ 8800 79320 21 2100 
© 36872-0  CI100S54/ALTO 100  ED-234 Mog. 554 12 G, S (4,6, 9, x 24,000+ 9400 84600 21 2100 
9332270  CI00SS4/D/ATO 100 ED-23% Mog. 554 12 G, S (4,6,9, x 24,000+ 8610 7750 21 2100 

Koninklijke Philips Electronics, N 


ыы! ш мш | ш 


Figure 9-27. Manufacturer's specification sheets are used when determining exact energy efficiency for a 
given lamp. 
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The light produced by a light source causes 
illumination. ///umination is the effect that 
occurs when light falls on a surface. The unit 
of measure of illumination is the footcandle. A 
footcandle (fc) is the amount of light produced 
by a lamp (in lumens) divided by the area that 
is illuminated. The number of footcandles 
required for any given area varies depending 
on the application. See Figure 9-28. 


b 
[ 


The average rated life of a lamp is a 
manufacturer's rating that provides a 
rough idea of how long the lamp will 
produce light (burn). The rating is cen- 
tered on a time-based industry stan- 
dard test in which 50% of the lamps in 
a sample group remain burning. 


ба 


bow» i Public spaces with dark surroundings 
7/45 EFI Simple orientation for short temporary visits 


Performance of prolonged and exacting visual 
tasks 


Performance of special visual tasks of extremely 
low contrast and small size 
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Figure 9-28. The amount of footcandles required for any given area varies depending on the application, 
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There are four basic types of lamps 
used in commercial and industrial lighting 
circuits. Types of lamps used in industrial 
and commercial circuits include incandes- 
cent, fluorescent, high-intensity discharge 
(HID), and light-emitting diode (LED) 
lamps. Installers must be familiar with 
certain basics of each type of lamp for 
correct installation. To eliminate confusion 
when installing lighting, the term "lighting 
fixture" has been changed to “luminaire” 
in the NEC?. A luminaire is a complete 
lighting unit including the components 
that distribute light, position and protect 
the lamps, and provide connection to the 
power supply. 


Incandescent Lamps 


An incandescent lamp is an electric lamp 

that produces light by the flow of current 

through a tungsten filament inside a sealed 
glass bulb normally filled with a gas. See 

Figure 9-29. Advantages of incandescent 

lamps are low initial cost and ease of in- 

stallation and service. Disadvantages of 
incandescent lamps are lower lighting ef- 
ficiency and shorter life than other lamps. 

When incandescent lamps are installed, 

the following installation guidelines must 

be followed: 

* Mount luminaires in accordance 
with the NEC? and manufacturer's 
specifications. 

* Do not exceed the maximum wattage 
rating of the lamp specified for the 
luminaire. 

* Mount luminaires securely with the 
luminaire covering the entire opening 
for the outlet box. 

* Provide additional support as required 
for heavier luminaires. 

* Verify that the threaded luminaire shell 
is connected to the grounded conductor 
and the center pin is connected to the 
ungrounded conductor. 

e Verify proper electrical grounding and 
bonding of the luminaire. 

• Switch only the ungrounded conductor 
in the switch leg (loop). 


Chapter 9 —Devices and Circuits 319 


EN © Incandescent Lamps 
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* for standard “A” incandescent light bulb 
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Figure 9-29. Incandes- 
cent lamps produce light 
by the flow of current 
through a tungsten fil- 
ament inside a sealed 
glass bulb filled with a 
gas. 


Incandescent lamps used in industrial locations are accompanied by 
a protective guard to prevent breakage of the lamp. 
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Installing Recessed Luminaires. Recessed 
luminaires in ceilings are common in many 
commercial and institutional applications. 
Because recessed luminaires are in an en- 
closed space, special consideration must 
be given to the effects of heat given off by 
the lamp. For example, tap conductors can 
be used to supply a recessed incandescent 
luminaire above a suspended ceiling. Tap 
conductors run from an outlet box in the 
overhead raceway to the luminaire and have 
the following installation requirements: 

* Outlet box must be at least 1’ from the 


luminaire. 

* Tap conductors must be have suitable 
temperature rating. 

* Tap conductors must be in an approved 
raceway or Type AC or MC cable. 

* AC or MC cable must be at least 18" but 
not more than 6’ in length. 


Outdoor lamps installed in some commercial and industrial locations 


often have protective guards for protection from vandalism and the 


environment. 


Special precautions must be followed 
when installing recessed luminaires near 
construction insulation material used as 
barriers for thermal and sound protection. 
Unless the luminaire is identified as suit- 
able for direct contact with the insulation 
material used in the project, the insulation 
must be over 3" from the luminaire, wiring 
compartment, and ballast. See Figure 9-30. 
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Figure 9-30. When recessed luminaires are 
installed, thermal insulation must be over 
3” from the luminaire, wiring compartment, 
and ballast, or have a thermal barrier. 


Fluorescent Lamps 


A fluorescent lamp is a low-pressure dis- 
charge lamp in which ionization of mercury 
vapor transforms ultraviolet energy generat- 
ed by the discharge into light. The bulb con- 
tains a mixture of inert gas (normally argon 
and mercury vapor), which is bombarded by 
electrons from the cathode. This provides 
ultraviolet light. The ultraviolet light causes 
the fluorescent material on the inner surface 
of the bulb to emit visible light. 
Fluorescent lamps are sized in inch- 
es. Standard fluorescent lamps vary in 
diameter from 5%” to 24%” and in length 
from 6” to 96”. A common size of fluo- 
rescent lamp is the 48” long 40 W lamp 

(T-12). A number that indicates eighths 

of an inch is used to designate the overall 

diameter of a fluorescent lamp. A T-12 

fluorescent lamp is 142” in diameter (12 х 

YQ” = 114”). See Figure 9-31. The T-8 and 

T-5 fluorescent lamps are currently widely 

used in industrial and commercial lighting. 
Because of its efficiency and light- 

producing characteristics, commercial and 
industrial wiring can require the installation 
of fluorescent luminaires on some projects. 

Specific consideration must be given to sup- 

port requirements and methods of supplying 

power to a fluorescent luminaire. Fluorescent 
luminaires can be fastened and supported 
with screws, bolts, rivets, or listed clips to 

ceiling framing members. See Figure 9-32. 

* Luminaires must be supported inde- 
pendently of a suspended ceiling. 

* Framing members of suspended ceiling 
systems used to support luminaires must 
be securely fastened to each other. 

* Framing members of the suspended 
ceiling must be securely attached to the 
building structure at appropriate intervals. 

* Luminaires must be securely fastened 
to a ceiling framing member with bolts, 
Screws, rivets, or listed clips for that spe- 
cific type of ceiling and luminaire. 

* Verify proper electrical grounding and 
bonding of the luminaire. 

* Avoid excess conductor to the luminaire. 
Neatly arrange wiring and verify that it is 
not exposed to physical damage. 


Conductors that are improperly ar- 
ranged in a metal device box can 
have insulation that is accidental- 
ly damaged when connecting a 
faceplate or cover to a box. When 
tightening the faceplate or cover to 
the box, a conductor that is inadver- 
tently inserted between both pieces 
can have ifs insulation cut, causing 
metal-to-metal contact and a short 
circuit (overload) condition. 
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Figure 9-31. The overall diameter of a fluorescent lamp is designated 
by a number that indicates %” increments. 
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* *- Fluorescent Luminaire Support Methods 
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Figure 9-32. Fluorescent luminaires can be fastened and supported 
with screws, bolts, rivets, or listed clips to suspended ceiling framing 
members. 


HID Lamps 

A high intensity discharge (HID) lamp is a 
lamp that produces light from an arc tube. 
An arc tube is the light producing element 
of an HID lamp. The arc tube contains me- 
tallic and gaseous vapors and electrodes. 
An arc is produced in the tube between 
the electrodes. The arc tube is enclosed 


in a bulb, which can contain phosphor or 
a diffusing coating that improves color 
rendering, increases light output, and re- 
duces surface brightness. Because of the 
difference in HID lamps available, HID 
lamp installation techniques vary. An HID 
lamp is subject to vibrations created by the 
60 Hz of AC. Because most HID lamps are 
typically supplied by three-phase power, 
the lamps can be arranged such that vi- 
brations created by each phase tend to 
cancel each other out. Also, if electronic 
ballasts are installed, the higher operating 
frequencies of these ballasts minimize any 
vibrations. 

HID lamps can be pole-mounted out- 
doors in parking lots, mounted directly 
on the side of the building, or mounted in 
areas with high ceilings such as commer- 
cial stores, gymnasiums, warehouses, and 
industrial facilities. The four basic types 
of HID lamps used in commercial and in- 
dustrial installations include low-pressure 
sodium, mercury vapor, metal halide, and 
high-pressure sodium. See Figure 9-33. 


W. W. Grainger, Inc. 


HID lamps are typically installed in large 
commercial facilities such as warehouses. 


e Uses sodium vapor under low 
pressure to produce light 


e 6 min to 12 min start time 
* 4 sec to 12 sec restart time 
* 190 Im/W to 200 Im/W 


e Produces yellow to yellow- 
orange light 


e 1800 hr rated bulb life* 
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* Uses mercury vapor to 
produce light 


e 5 min to 6 min start time 

e 3 min to 5 min restart time 

e 50 Im/W to 60 Im/W 

* Produces white light with blue 
colors appearing purplish and 


yellow colors having a 
greenish overtone 


* Uses mercury vapor with metal 
halides to produce light 


e 2 min to 5 min start time 
e 10 min to 15 min restart time 
* 80 Im/W to 125 Im/W 


* Produces white light with red 
colors slightly muted 


e 3000 hr to 20,000 hr rated 


e Uses sodium vapor under high 
pressure to produce light 


e 3 min to 4 min start time 

€ 30 sec to 60 sec restart time 
e 65 Im/W to 115 Im/W 

• Produces golden white light 


e 7500 hr to 14,000 hr rated 
bulb life" 


bulb life* 
* 16,000 hr to 24,000 hr rated 
bulb life* 


* rated bulb life depends on usage, bulb size, and cycle time 


HID LAMP DATA 


T-16 clear 
T-16 clear 
T-16 clear 
T-21 clear 
T-21 clear 


16,000 
16,000 
16,000 
16,000 
16,000 


Bayonet 
Bayonet 
Bayonet 
Bayonet 
Bayonet 


Low-pressure 


sodium 11,095 


19,140 


4200 
8600 
12,100 
22,500 
63,000 


E-23 white 

E-28 white 

E-28 white 

E-37 or BT-37 white 
BT-56 white 


24,000 
24,000 
24,000 
24,000 
24,000 


Mercury-vapor 


B-17 clear 
Е-23 16 clear 
E-23 % clear 
B-17 clear 
B-17 clear 
E-23 1⁄2 clear 
E-18 clear 
E-25 clear 


2250 
4000 
6400 
9500 
16,000 
16,000 
30,000 
140,000 


24,000 
24,000 
24,000 
24,000 
24,000 
24,000 
24,000 
24,000 


Medium 
Mogul 
Mogul 
Medium 
Medium 
Mogul . 
Mogul 
Mogul 


High-pressure 
sodium 


4800 
12,200 
14,000 
20,500 
34,000 

110,000 


10,000 
10,000 
10,000 
10,000 
20,000 
12,000 


Medium 
Medium 
Mogul 
Mogul 
Mogul 
Mogul 


ED-17 coated 
ED-17 coated 
E-28/BT-28 coated 
E-28/BT-28 coated 
E-37/BT-37 coated 
BT-56 coated 


Metal-halide 


Figure 9-33. The four types of HID lamps used in commercial and industrial installations include low-pressure sodium, 
mercury vapor, metal halide, and high-pressure sodium. 
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Figure 9-34. Metal-halide 
lamps produce light by 
an electrical discharge 
through mercury vapor 
and metal halide in the 
arc tube. 


Low-Pressure Sodium Lamps. А low- 
pressure sodium lamp is a high-intensity 
discharge lamp that operates at a low vapor 
pressure and uses sodium as the vapor. A 
low-pressure sodium lamp has a U-shaped 
arc tube. Low-pressure sodium lamps 
are commonly used for outdoor lighting 
installations. They have a yellow-orange 
color that is acceptable for street, highway, 
parking lot, and floodlight applications. 
Low-pressure sodium lamps are also used 
for some indoor applications such as ware- 
house lighting and other areas where color 
distortion is not critical to an operation. 


Mercury-Vapor Lamps. А mercury-vapor 
lamp is a high-intensity discharge lamp that 
produces light by an electrical discharge 
through mercury vapor. Mercury-vapor 
lamps are used for general lighting appli- 
cations. Mercury-vapor lamps are rarely 
used in new installations because of both 
environmental concerns and low efficiency 
compared to other HID lamp choices. 


Metal-Halide Lamps. A metal-halide lamp 
is a high-intensity discharge lamp that pro- 
duces light by an electrical discharge through 
mercury vapor and metal halide in the arc 
tube. A metal halide is an element (normally 
sodium and scandium iodide), which is added 
to the mercury in small amounts. A metal- 
halide lamp produces more lumens per watt 
than a mercury-vapor lamp. See Figure 9-34. 
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High-Pressure Sodium Lamps. A high- 
pressure sodium lamp is a high-intensity 
discharge lamp that produces light when 
current flows through sodium vapor un- 
der high pressure and high temperature. 
High-pressure sodium lamps can be used 
in parking lots, street lighting, shopping 
centers, exterior buildings, and most storage 
areas. A high-pressure sodium lamp is more 
efficient than a mercury-vapor or metal-ha- 
lide lamp. The light produced from a high- 
pressure sodium lamp appears as a golden- 
white color. See Figure 9-35. 
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Figure 9-35. High-pressure sodium lamps 
produce light when current flows through 
sodium vapor under high pressure and 
high temperature. 


LED Lamps 


An LED lamp is a lamp that produces 
light from a group of semiconductor 
light-emitting diodes (LEDs). LED lamps 
are extremely energy-efficient, durable, 
and long-lasting, and they are available ina 
range of colors. They must also be packaged 
with electronic circuits, similar to ballasts, 
in the lamp housing to regulate the power 
input and protect the components from 
voltage fluctuations. 
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LED lamps are widely used in recessed 
fixtures, tube-type fixtures, emergency and 
exit lighting, and in various Edison-base 
fixtures. LED lamps are available in 
form factors and bases that permit direct 
replacement of various sizes and shapes 
of incandescent and fluorescent lamps. 
Installers often convert fluorescent lighting 
fixtures to accept LED lamps. The instal- 
lation of LED fixtures is no different than 
installing other types of lighting fixtures. 
As always, the installation of lamps in a 
fixture to complete a luminaire requires 
verification that the proper lamp type and 
rating is being installed. 


Emergency and Exit Lighting 
Emergency and exit lighting is lighting that 
is designed and installed to provide illumi- 
nation for the safety of human life and to 
protect property in the event of the loss of 
the normal power supply to lighting. In an 
emergency situation such as a power loss, 
proper illumination must be provided for 
hallways, passageways, stairways, land- 
ings, exit doorways, and all exit routes. 
Because they supply DC power, batteries 
are used to provide power to emergency 
and exit lighting systems when the source 
of normal AC power is lost. 

Individual emergency lighting units and 
exit signs can be installed separately or 
combined as one unit. In addition to proper 
mounting of the unit, incoming power us- 
ing an approved raceway, such as LFMC, 
for the location must be installed. Other 
installation considerations include type of 
environment, provision for unobstructed 
exit sign view for personnel, and ensuring 
emergency light output is directed to areas 
to provide for safe egress. After the battery 
is installed, the unit must be tested to ver- 
ify that the emergency lights can function 
during a power loss. Most emergency and 
exit lighting systems have indicating lamps 
(typically LEDs) to indicate AC power is 
applied to the unit and a "push to test" 
button to verify proper operation of the 
unit. See Figure 9-36. 


ELECTRIC MOTOR CIRCUITS 


A motor circuit is an electrical circuit that 
is used for the operation of electric motors. 
Electric motors can operate on AC or DC. 
Motor operating information is affixed 
to the motor on a motor nameplate. Most 
commercial and industrial wiring projects 
requires the installation of several types 
of electric motors. Electric motors deliver 
work by converting electrical energy into 
rotating mechanical energy. Once a mo- 
tor installation is complete, the motor is 
checked and tested for proper power con- 
nections, proper phase rotation, adequate 
protection from overcurrent conditions, 
and safe operation within the ratings on the 
motor nameplate. Technicians must know 
how to install, terminate, and perform insu- 
lation resistance tests and final operational 
checks on electric motors. 
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Figure 9-36. Emergency and exit lighting is used to protect human life 


and protect property in the event of a power loss. 
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Motor Nameplates 

Electric motors are used to produce work. 
For a motor to safely produce work as 
required for the expected life of the motor, 
the motor's electrical, environmental, and 
mechanical ratings must be considered. 
The electrical, operating, environmental, 
and mechanical ratings of a motor are 
listed on the motor nameplate. Since the 
nameplate has limited space to convey 
this information, most information is 
abbreviated or coded to save space. In 
addition to the written information, most 
motor nameplates include the motor's 
wiring diagram. 

Understanding the abbreviated and 
coded information provided on a motor 
nameplate is required when selecting, 
installing, and troubleshooting electric 
motors. For motors that are already in 
service, the information provided on the 
motor nameplate may be the only infor- 
mation available for reference purposes. 
See Figure 9-37. 
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Motor Types 

Although there are many different types and 
sizes of motors, most electric motors used 
in commercial and industrial applications 
can be classified as single-phase (16) or 
three-phase (36). Single-phase motors are 
commonly used in some commercial appli- 
cations such as garage door openers, sump 
pumps, automatic doors, and ceiling fans. 
Three-phase motors are commonly used 
in commercial and industrial applications 
such as freight elevators, mixing equipment, 
conveying equipment, HVAC equipment 
and material processing. 


Single-Phase Motors. А single-phase 
(16) motor is a motor that operates оп 
single-phase electricity. Single-phase mo- 
tors have two main parts, the stator and 
rotor. A stator is the stationary part of an 
AC motor that produces a rotating magnetic 
field. A rotor is the rotating part of an AC 
motor. The rotating magnetic field created 
by the stator rotates the rotor and shaft to 
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Figure 9-37. Understanding the abbreviated and coded information provided on a motor nameplate is required 
when selecting, installing, and troubleshooting electric motors. 
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deliver work. Other parts of a motor are 
the frame, end bells, bearings, and a fan 
connected to the motor shaft. See Figure 


9-38. Single-phase motors are commonly ENDBELL 
used in commercial and industrial applica- ИМЕ 
tions for smaller loads, such as automatic oa pues 


garage doors, small drill presses, industrial 
vacuum systems, sump pumps, and electric 
conduit benders. 


Three-Phase Motors. A three-phase (3) 
motor is a motor that operates on three- 
phase electricity. Three-phase motors 
are used in many commercial and most 
industrial applications because 3 power 
is typically available in the facility and 36 
motors are smaller, lighter, and are less 
likely to malfunction than 16 motors with 
similar horsepower. Three-phase motors 
are more efficient in energy conversion 
than 1ф motors. Three-phase motors аге 
similar in construction to 1b motors. See 
Figure 9-39. 


Figure 9-38. Single-phase motors are commonly used in applications 
such as automatic doors, machine and maintenance tools, and 
electric conduit benders. 
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Figure 9-39. Three-phase motors are typically used in many corn- 
Large industrial equipment is typically mercial and most industrial applications because they are more 
powered by 36 motors. energy efficient. 
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Dual-Voltage, 3b Motors. Most 3ф motors 
are made so that they can be connected for 
either of two voltages. Making motors for 
two voltages enables the same motor to be 
used with two different power line voltages. 
A dual-voltage motor is a three-phase electric 
motor that is capable of operating on more 
than one system voltage. A dual-voltage, 
3 motor is the most commonly installed 
motor. A common dual-voltage rating is 208- 
230/460 V. This type of dual-voltage rating 
indicates that the motor is actually rated to 
operate at the three different voltages of 208 V, 
230 V, and 460 V. The 208 V and 
the 230 V ratings are considered "low voltage" 
on the motor's nameplate wiring diagram. The 
460 V rating is considered to be the "high 
voltage" rating on the wiring diagram on the 
motor nameplate. 

The higher voltage is preferred when a 
choice between voltages is available. The 
motor uses the same amount of power and 
gives the same horsepower output for either 
high or low voltage, but as the voltage is dou- 
bled (230 V to 460 V), current is cut in half. 
Using a reduced current enables the use of a 
smaller conductor size, which reduces the cost 
of motor installation. 

A wiring diagram is used to show the ter- 
minal numbering system for a dual-voltage, 
3$ motor. See Figure 9-40. Nine leads are 
brought out of the motor. Leads coming out 
of the motor are marked T1 through T9 and 
can be externally connected for either of the 
two voltages. The terminal connections for 
high and low voltage are normally provided 
on the motor nameplate. 

The nine leads are connected in either 
series (high voltage) or parallel (low voltage). 
To connect a motor for high voltage, L1 is 
connected to T1, L2 to T2, and L3 to T3. Lead 
T4 is connected to T7, T5 to T8, and T6 to T9. 
By connecting the leads in this configuration, 
the individual coils in phases A, B, and C are 
connected in series, with each coil receiving 
50% of the line-to-neutral point voltage. The 
neutral point is the internal connecting point 
of all three phases. 


Motor Installation 


Each electric motor installation is different. 
However, all electric motors require a source 
of power, a method to control the motor, 
and a method of protection for the motor. 
Conductors and raceways must be sized 
and routed between all motor components. 
Motors are required to have a disconnect 
means to open both the main power con- 
ductors to the motor, as well as de-energize 
the control circuit that operates the motor. 


Most motor installations have a separately 
mounted disconnect switch and motor 
controller. 


For example, a typical motor installation can 
have a separately mounted disconnect switch 
and a motor controller. A motor controller is a 
device or group of devices used to manually 
or automatically control electric power to a 
motor. 

Conduit runs are installed between the dis- 
connect switch, motor controller, and motor. 
Typically, RMC is used to route conductors 
between the disconnect switch and the motor 
controller, and LFMC is used to route the 
conductors into the motor terminal housing. 
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Figure 9-40. A dual-voltage motor is a 36 electric motor that is capable of operating on more than one system 
voltage. 
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Figure 9-41. Electric mo- 
fors require a source 
of power, а method to 
control the motor, and 
a method of protection 
for the motor. 


Because motors vibrate as they operate, 
LFMC is often used for the last 6’ or less of 
raceway prior to entering the motor. Because 
of its flexibility, LFMC is more resistant to 
vibrations than RMC. Liquidtight flexible 
metal conduit is also installed at this location 
because it is impervious to liquids such as lu- 
bricating oils, grease, or water. To transition 
from RMC to LFMC, a transitional piece 
such as a box, conduit body, or fitting must 
be installed. See Figure 9-41. 

When an electric motor is installed, the 
motor must be set in place and prepared for 
connection to the load. Depending on the ap- 
plication, motor location, and size, different 
methods can be used. Although smaller mo- 
tors can be manually lifted and set in place by 
atechnician, large motors can require several 
technicians working with lifting equipment 
such as forklifts, hoists, or cranes. Holes in 
the feet on the motor's base must be placed 
over preset bolts. Shims typically are added 
between the bottom of motor's base and the 
foundation on which the motor sets to align 
the motor and prepare the motor for connec- 
tion to the load. A motor shaft and load must 
be properly aligned when installed or motor 
life will be shortened. A dial indicator or la- 
ser alignment tool is typically used to check 
the alignment of the motor shaft to load. 
Once alignment and connection to the load 
are completed, metal guards are installed to 
protect persons from the dangers of rotating 
equipment. See Figure 9-42. 
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Motor Power Connections 


With manually operated motors, power is 
routed from a switch directly to the motor. 
The switch is used to turn the motor on and 
off. With motors with automatic or remote 
control, power is first routed through a sep- 
arate motor controller and then routed to the 
motor. Prior to connecting power to a motor, 
conductors and conduits must be sized and 
selected. While the size and type of conduc- 
tors and conduit are often specified on the 
electrical construction prints, proper sizing 
and selection of conductors and conduit re- 
quires conformance with NEC? requirements. 


Magnetic Motor Starter Installation. A 
magnetic motor starter is an electrically op- 
erated switch (contactor) that includes motor 
overload protection. Magnetic motor starters 
are used to start and stop motors. Magnetic 
motor starters are identical to contactors ex- 
cept that they have overload heaters attached 
to them. A magnetic motor starter is an inte- 
gral part of the entire motor control circuit 
and is typically installed when performing 
installation of control circuit panels. 

An overload relay is an electric switch 
controlled by electric current flow. Ambient 
air temperature can affect overload relay 
operation. For example, depending on the 
type of overload relay used on the magnetic 
motor starter, overload heaters can be re- 
quired to be selected and installed. Overload 
heaters are installed to produce sufficient 
heat at a specified current value to operate 
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a tripping mechanism that de-energizes the 
motor starter and stops the motor. Overload 
heater elements are labeled and require the 
removal of only two screws to install. The 
electrical operation of a magnetic motor 
starter can be shown using a line diagram, a 
pictorial drawing, and/or a wiring diagram. 
See Figure 9-43. 
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Figure 9-42. Setting of motors includes 
bolting the motor in place, installing cou- 
plings, alignment of motor and shaft, and 
placing safety guards in place. 


The main power distribution in commer- 
cial and industrial systems (typically 36, 
208 V or 440 V) is terminated from the top 
of the motor starter. NEMA designations of 
leads L1, L2, and L3 are at the top of the 
motor starter. The bottom of the motor start- 
er has NEMA designations of leads T1, T2, 
and T3. Conductors that terminate at leads 
T1, T2, and T3 are terminated directly to the 
power connections on the motor. Terminations 
must be torqued to the motor manufacturer's 
specified values. 
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Mo ^or rem notion Methods 


Many common anaon methods for Conner and indus- 
trial wiring projects require the use of solderless, twist-on wire 
connectors. Solderless, twist-on wire connectors are typically not 
recommended for motor applications because vibrations from 
motor operation can cause the terminations to become loose. 
Conductors are terminated to motors with solderless pressure 
connectors specifically designed for motor terminations (motor 
lugs). Pressure connectors can withstand motor vibrations and are 
crimped fo the conductors, with one motor lug for each incoming 
power lead and motor lead. Once the pressure connectors are 
crimped in place, they are bolted together per the wiring diagram 
for that specific motor. Specified torque values are applied to the 
motor lugs. The termination must then be insulated with several 
half-lapped layers of silicone-rubber electrical tape and a final 
wrap of one or more half-lapped layers of vinyl electrical tape 
on fhe outside. It may be beneficial to first wrap the connections 
with a paper or cambric electrical tape prior to wrapping with 
silicone-rubber electrical tape. The paper or cambric tape does 
not supply insulation value, but facilitates removal of the taped 
connection at a later date. 

Motor termination kits are also available. Motor termination 
kits contain the lugs, nuts, bolts, washers, and insulating material 
to perform the termination. Some termination kits only contain 
insulating materials. The insulating material supplied as part 
of a termination kit is typically a polymeric heat-shrink tubing. 
Polymeric tubing is placed over the termination and then heat is 
applied with a heat gun that heats the polymeric material to a 
temperature between 650°F (344°C) and 900°F (482°C) to shrink 
the tubing around the terminals. 
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A motor nameplate is affixed directly on the motor and contains all 
pertinent data relating to that particular motor. 
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Figure 9-43. Magnetic motor starter operation can be illustrated with a line diagram, a pictorial drawing, and/or 


a wiring diagram. 


Control circuit wiring terminates at the coil 
connections on the motor starter. One side of 
the coil terminations is terminated directly at 
the coil while the other side of the termina- 
tions must first pass through overload relay 
before termination at the coil. Sometimes the 
motor manufacturer makes the connection 
between overload contacts and the coil. 


Variable Frequency Drive (VFD) Instal- 
lation. The frequency of a power supply 
determines the speed of AC motors. Since 
normal power line frequency is a constant 


60 Hz (in the United States), it must be 
changed to increase or decrease the speed of 
the motor. A variable frequency drive (VFD) 
is a motor controller that is used to change 
the speed of AC motors by changing the 
frequency of the supply voltage. In addition 
to controlling motor speed, VFDs can control 
motor acceleration time, deceleration time, 
motor torque, and motor braking. 

A МЕР changes the frequency of the 
voltage applied to a motor by converting the 
incoming AC voltage to a DC voltage and 
then inverting it back to an AC voltage that 
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simulates the desired fundamental frequen- 
cy. Fundamental frequency is the desired 
voltage frequency simulated by the varying 
ON/OFF pulses at a higher carrier frequency. 
Carrier frequency is the very high frequen- 
Cy (from about 1 kHz to about 20 kHz) of 
the short voltage pulses of varying length 
that simulate a lower fundamental frequency. 
See Figure 9-44. 
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One drawback of VFDs is that the fast 
switching of the inverter produces large 
voltage spikes that can damage motor insu- 
lation. Over time, the windings short out and 
ruin the motor. For best performance and 
motor life, motors should be selected that 
are rated for use with VFDs. These types of 
motors have special winding insulation that 
can better withstand voltage spikes. 
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Figure 9-44. A variable frequency drive (VFD) can control motor speed because it simulates a sine wave at any 
frequency by adjusting the DC pulses of the carrier frequency. 
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A VFD is a modern replacement for a 
magnetic motor starter, since it controls the 
starting and stopping of a motor in much 
more sophisticated ways. There are many 
types of VFDs available, with a variety of 
features and power specifications. However, 
they are installed in much the same way as 
magnetic motor starters. 

VFDs have connections for incoming 
power (usually 36, but can alternatively 
be 1) and outgoing power to the motor. 
Pushbutton stations can also be connected 
directly to the control circuit terminals on 
a VFD. However, a VFD typically requires 
programming or adjustment of various set- 
tings before operating. This work may be 
done by another technician who specializes 
in the system being operated by the motor. 


Greenlee Textron, Inc. 
Motor rotation testers are used to determine the phase connections 
needed for a certain motor rotation direction. 


Motor Checks and Tests 


After a motor is installed, several final checks 
and tests are performed to verify that the mo- 
tor has been properly installed and operates 
within the project specifications. All tests and 
checks must be performed to verify that a 
motor operates safely and properly before it 
is placed into service. Final checks and tests 
on motors include a phase rotation test, an 
insulation resistance test, checking that there 
are no ground faults in a motor or power 
circuit, and final operational tests. 


Determining Phase Rotation. Motor shafts 
must rotate in the proper direction when en- 
ergized. The direction of rotation is identified 
as Clockwise (CW) or counter-clockwise 


(CCW). To determine the direction of rota- 
tion, stand behind the motor so that the motor 
shaft is pointing away from you. If shaft 
rotation is to the left, then the motor rotation 
is counter-clockwise. If the shaft rotation is 
to the right, the direction is clockwise. 

Two methods are used to determine the 
direction of motor rotation when placed in 
operation. A bump test is the momentary 
energizing of a motor before it is coupled to 
the load to observe the direction of rotation. 
A bump test can be performed by quickly 
turning the motor on and off and observing 
the direction the shaft of the motor rotates. 

A phase sequence tester is a test instru- 
ment used to determine which of the three- 
phase power lines are powered and which 
power line is phase A, phase B, and phase C. 
The phase sequence determines the direction 
of motor rotation. Phase sequence testers are 
available as a phase sequence tester only, or 
as a combination phase sequence tester and 
motor rotation tester. 

A phase sequence tester is connected 
to the supply lines, and lights on the tester 
indicate if voltage is present and if the power 
lines are in the correct order (phase A indi- 
cates "A", phase B indicates “В”, and phase 
C indicates C"). If the phase sequence tester 
does not display information on each of the 
three power lines, one or more of the power 
lines is not powered and/or the meter leads 
are not connected correctly. 

The phase sequence of incoming power 
lines can be verified using a phase sequence 
tester. Before taking any phase sequence 
measurements using a phase sequence tes- 
ter, verify that the tester is designed to take 
measurements on the circuit under test. See 
Figure 9-45. To verify the phase sequence of 
the three three-phase power lines, apply the 
following procedure: 

1. Connect the three test leads from the 
phase sequence tester to the three power 
lines under test. The test leads on a phase 
sequence tester are typically color-coded 
and include alligator clips. Connect the 
phase A test lead to what should be power 
line phase A (L1/R), the phase B test lead 
to B (L2/S), and the phase C test lead to 
C (L3/T). 
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2. Check that all three three-phase indicator indicates a sequence error. Interchange 


lights are on. If one or more lights are not 
on, use a voltmeter to test why the phase is 
not powered. (For example, a fuse might 
have blown.) When all phase indicator 
lights are on, there is no open phase. 

. Read the phase sequence lamps. When 
the phases are in the correct order (the 
test leads are connected to the system A 
to A, B to B, and C to C), the phase tester 
indicates the correct sequence. If the lines 
are not in the right order, the phase tester 


the test leads until the correct sequence is 
indicated. Mark each phase line for proper 
identification. 


4. Reconnect the phase sequence tester to 


test any additional parts of a system. The 
tester needs to be reconnected because the 
phase sequence can change if the power 
lines are not correctly connected before 
and after a system device is connected. 


5. Remove the phase sequence tester from 


the circuit. 


WARNING 


* Follow all electrical safety practices and procedures 


* Check and wear personal protective equipment (PPE) 
for the procedure being performed 


* Perform only authorized procedures 
* Follow all manufacturer recommendations and procedures 
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DISCONNECT ON 


FUSES/CIRCUIT BREAKERS 
(OVERCURRENT PROTECTION) 


CONNECT TEST LEADS 
TO SUPPLY OF STARTER 


PHASE SEQUENCE 
ESTER 
(2) VERIFY ALL THREE- 


PHASE INDICATOR 
LIGHTS ARE ON 


(3) READ PHASE SEQUENCE LIGHTS 
FOR CORRECT TEST LEAD ORDER 


(5) REMOVE PHASE TESTER 


FROM CIRCUIT 


-—— n 


( 


LOCAL 
MOTOR CONTROL 
SELECTION 


Siemens 


3 MOTOR 


MOTOR BOX 


(4)RECONNECT TEST LEADS 
TO MOTOR LEADS AT 


Figure 9-45. The phase sequence of incoming power lines can be verified using a phase sequence tester. 
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Figure 9-46. Motor rota- 
tion must be checked 
before connecting а 
motor to a mechanical 
system. 


Motor rotation must be checked before 
connecting a motor to a mechanical system. 
A motor rotation tester (when included as 
part of a phase sequence tester) is connected 
to the T1, T2, and T3 motor terminals before 
the motor is connected to power or mechan- 
ical equipment. Lights are used to indicate 
the phase sequence of the motor and circuit. 
Three lights indicate the presence of power 
and two lights indicate motor shaft rotation. 
See Figure 9-46. 

Before motor rotation tests, it must be 
verified that the tester is designed for the type 
of motor to be tested. Manufacturer instruc- 
tions must be referred to for all measuring 
precautions, limitations, and procedures. 
Required PPE must always be worn and 
all safety regulations followed when taking 
the measurement. To test the direction of 
motor rotation of a 3 motor, apply the fol- 
lowing procedure: 


" 


CONNECT MOTOR ROTATION 


VERIFY POWER IS OFF, 


DISCONNECT MOTOR(1 ) 


LOW-VOLTAGE 
WYE-CONNECTED 


Siemens 


ROTATE MOTOR SHAFT 
BY HAND; READ 
ROTATION LIGHTS 


ROTATION LIGHTS 


fe, Clockwise Rotation 


(9 Counterclockwise Rotation 


1. When the motor is not disconnected from 
the power lines, verify that the circuit 
power to the motor is off using a voltmeter 
(first test the voltmeter on a known ener- 
gized circuit). Some motor rotation test 
instruments have a button that is pressed 
to test that all power in the system is off. 
When a system is powered, a warning 
light turns on. 

2. Connect the test leads of the motor rota- 
tion tester to the motor input terminals T1 
(U), T2 (V), and T3 (W). 

3. Rotate the motor shaft clockwise by hand. 
When the clockwise light is lit, the motor 
runs in a clockwise direction when con- 
nected T1 to L1, T2 to L2, and T3 to L3. 
When the counterclockwise light is lit, 
the motor runs in the counterclockwise 
direction when T1 is connected to L1, T2 
to L2, and T3 to L3. 


~— Motor Rotation Tester Measurement! Procedures 


TESTER LEADS(2) 


(4)iF REQUIRED, 
INTERCHANGE 
POWER LINES 
TO CHANGE DIRECTION 


гае |© REVOVE TESTER 
FROM MOTOR 
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4. When the motor must run in the oppo- 
site direction, interchange two power 
(or motor) lines. Note: Interchanging 
lines 1 and 3 is the industry standard. 

5. Remove the motor rotation tester from 
the motor. 


Insulation Resistance Tests. The last check 
that should always be made on a motor prior 
to energizing is an insulation resistance test. 
Ап insulation resistance test is performed 
with a megohmmeter. An insulation resis- 
tance test is the final check to verify the 
motor is electrically safe to energize and 
can be performed at the motor leads prior to 
terminating the motor. Insulation resistance 
tests can also be performed at the output of 
the motor starter or VFD after the motor is 
terminated. The advantage of performing an 
insulation resistance test at the output of the 
motor starter or VFD is that it also checks 
the integrity of the insulation on the dis- 
connected conductors leading to the motor. 
Always disconnect the motor from the VFD 
prior to performing this test. This protects the 
electronic circuitry of the VFD. 

A megohmmeter applies a voltage 
above the operating voltage of the motor 
to the motor leads with a low amount of 
current. Should any current leak through the 
insulation and into the frame of the motor, a 
reading is registered on the megohmmeter. 
Leakage current 15 electric current that flows 
through insulation on a conductor. Typically, 
a small amount of current leaks through the 
insulation, indicating a resistance reading up 
to several hundred megohms (MQ). 

Any piece of electrical equipment rated 
480 V and below must have a minimum 
resistance of 5 МО when measured with a 
megohmmeter. Any value less than 5 MQ 
can indicate severe motor problems such as 
damaged insulation or moisture intrusion. 
Always follow the specifications for the 
project, such as those located in the project 
acceptance specifications. 

An insulation resistance spot test is an 
insulation resistance test that is performed 
periodically to verify the condition of the 
insulation over the life of the motor. An 


insulation resistance spot test must be per- 
formed at regular intervals (every six months, 
for example) to track the changes in insula- 
tion integrity and must also be performed af- 
ter a motor is serviced. The test measurement 
data can be recorded manually or in software 
on a test graph over time. See Figure 9-47. 
To perform an insulation resistance spot test, 
apply the following procedure: 

1. Connect a megohmmeter to measure 
the resistance of each winding lead 
to ground. Record the readings after 
60 sec. 

2. Discharge the motor windings. 

3. Repeat Steps 1 and 2 at regular intervals. 


.- Insulation Spot Test 


TO GROUND 


5kO,5W 
RESISTOR 


TO GROUND 


DISCHARGE 
MOTOR 
WINDINGS 


CONNECT MEGOHMMETER 
TO MEASURE RESISTANCE 
OF EACH WINDING TO 
GROUND AND RECORD 
READING ON GRAPH 


MEGOHMMETER 


(3) REPEAT STEPS 1 
AND 2 AT REGULAR 
INTERVALS 


Figure 9-47. An insulation spot test is a test that checks motor insulation 
over the life of the motor. 
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The results of the test graph can be in- 
terpreted to determine the condition of the 
insulation. See Figure 9-48. For example, 
Point А represents the motor insulation con- 
dition when the motor was placed in service. 
Point B represents the effects of aging, con- 
tamination, etc., on the motor insulation. Point 
C represents motor insulation failure. Point 
D represents the motor insulation condition 
after being rewound. Record the lowest meter 
reading on an insulation spot test graph if all 
readings are above the minimum acceptable 
resistance. Service the motor if a reading does 
not meet the minimum acceptable resistance. 
The lowest reading is used because a motor is 
only as good as its weakest point. 


< Insulation Spot Test Graph 


FECTS OF AGING, 
MINATION, ETC. 


DITION AFTER 
G REWOUND 


Figure 9-48. Insulation spot test measurement data is recorded on а 


test graph over time. 


Final Operational Checks. Once a motor 

is operational, final checks must be made to 

verify correct installation and operation. A 

visual inspection while the motor is in opera- 

tion must be made and the following verified: 

* No abnormal noise or vibration 

* Motor control circuit functions properly 

* Ambienttemperature at motor location not 
excessive 

* Nosigns of overheating or smell of burnt 
insulation at motor 


The applied voltage to the motor while 
it is in operation, in addition to the motor 
running current, must be tested. Both tests 
should be performed at full-load speed. To 
check the applied voltage of a motor at full- 
load speed, apply the following procedure: 

1. Wear appropriate PPE, including 
properly arc-rated clothing, face shield, 
hard hat, eye protection, ear protection, 
and rubber gloves with leather protec- 
tors as required. 

2. Barricade work area to keep unqualified 
persons from entering. 

3. Verify meter has proper voltage and 
category ratings and has no physical 
damage. 

4. Set meter to highest voltage scale (if 
applicable). 

5. Stand to side of enclosure door and 
open fully. 

6. Visually inspect enclosure and com- 
ponents for signs of overheating or 
physical damage. 

7. Place one test lead on T1 terminal and 
one test lead on T2 terminal. 

8. Read and record reading for T1-T2 
voltage. 

9. Repeat previous step for T1-T3 and 
T2-T3 terminals. 

10. Close enclosure door ensuring all fas- 
teners are properly secured. 

To check the running current of a motor, 
apply the following procedure: 

1. Wear appropriate PPE, including prop- 
erly arc-rated clothing, face shield, hard 
hat, eye protection, ear protection, and 
rubber gloves with leather protectors as 
required. 

2. Barricade work area to keep unqualified 
persons from entering. 

3. Verify meter has proper amperage 
and category ratings and no physical 
damage. 

4. Set meter to highest amperage scale. 

5. Stand to side of enclosure door and open 
fully. 

6. Visually inspect enclosure and com- 
ponents for signs of overheating or 
physical damage. 

7. Clamp meter around lead attached to 
ТІ terminal at bottom of motor starter. 


8. Record amperage reading for T1 
terminal. 
9. Repeat previous step for T2 and T3 
terminals at bottom of motor starter. 
10. Close enclosure door ensuring all fas- 
teners are properly secured. 

Because these tests require taking 
readings at live terminals, appropriate 
safety precautions for working on or near 
energized parts must be followed. These 
include allowing only qualified persons 
to perform such activities, wearing the 
appropriate PPE, using properly rated 
meters, and complying with all company 
safety procedures. 

Voltage should be measured from 
phase-to-phase at the bottom of a magnetic 
motor starter. The phase-to-phase voltages 
should be nearly equal. Voltage readings 
should vary by not more than 1% from the 
average of the phase-to-phase readings. 
Voltage imbalance supplied to a motor 
is one of the leading causes of premature 
motor failure. If there is a voltage prob- 
lem, it is most often located upstream in 
the distribution system. Usually too many 
single-phase loads supplied by one of the 
three phases supplying the motor cause 
voltage problems. 

Finally, current readings must be tak- 
en at the time and location the voltage 
is tested. A clamp-on ammeter can be 
used to take current readings and should 
be clamped around each of the separate 
conductors leading to the motor. Current 
readings should be equal and verified not to 
exceed nameplate data. See Figure 9-49. 


Clamp-on ammeters are used in com- 
mercial locations at the panelboard 
to measure circuit loading on feeders 
and branch circuits. Measurements 
on the feeder should always be made 
at the load side of the breaker or fuse. 
Branch circuits should be checked for 
overloading, and grounding circuits 
should be checked to make sure 
that there is no current on the ground, 


SUMMARY 


Routine commercial and industrial wiring 
tasks include the installation of various 
devices and circuits. Technicians must rec- 
ognize the difference between the different 
types and classification of receptacles and 
switches. When installing these devices, 
technicians must ensure adequate wire 
bending space within the enclosure and that 
voltage barriers are installed as required. 
When only one conductor is switched, 
technicians must install the device to switch 
only the ungrounded (hot) conductor. 


| А 


.- Communication Cable Category Rating 


t 


CLAMP-ON 
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CONDUCTORS 
TO MOTOR 


CLAMP AROUND 
ONE CONDUCTOR 
FOR EACH READING 


VERIFY READING 
DOES NOT EXCEED 
NAMEPLATE RATING 


Figure 9-49. A clamp-on ammeter is used to verify that a motor does 
not draw more than its rated current and that current is the same for 
each phase. 


although levels under 300 mA are 
acceptable. 


3 


Feeders and branch-circuit conductors 
must be properly sized according to their 
ampacity ratings. Phase conductors must be 
installed to meet color-coding requirements 
of the project. The insulation on a ground- 
ed conductor is white, gray, or black with 
three white stripes. Equipment grounding 
conductors are bare copper, have green in- 
sulation, or have green insulation with one 
or more yellow stripes. Larger equipment 
grounding conductors typically have green 
tape wrapped around the end of the con- 
ductor at each point where it is terminated. 

GFCIs are installed to protect person- 
nel. Ground fault protection is installed to 
protect equipment. The proper selection 
and installation of overcurrent protective 


Access Code: 249878 


devices must be completed at each point 
where a circuit receives its power. However, 
numerous tap rules allow certain conduc- 
tors and circuits to tap power from another 
source without meeting this overcurrent 
protection requirement if the installation 
adheres to NEC? requirements. 

Incandescent, fluorescent, HID, and 
LED lighting circuits are routinely installed. 
Luminaires must be securely mounted and 
lighting circuits run to bring power to each 
luminaire. Motors and their associated con- 
trol circuits must also be installed. Several 
installation techniques are identified with 
motors, including shaft alignment, phase 
rotation checks, termination, and insulation 
resistance tests. 


JU AlPeResources.com/QuickLinks 


Name 


Multiple Choice 


Date 


. In large industrial facilities, underground feeders usually operate at voltages of — V 


and higher. 
A. 277 
B. 480 
C. 600 
D. 1000 


. A... isaconnection from one conductor to another to obtain power from the conductor 


to which the connection occurs. 
A. patch cord 


B. splice 
C. strap 
D. tap 


. А three-pole, single-throw switch is abbreviated аз _. 


А PPPST 
BSES 
C.TPst 
D. ThPST 


. The amount of light a lamp produces is expressed in . 


A. footcandles (fc) 
B. lumens (Im) 

C. watts (W) 

D. webers (Wb) 


. Because motors vibrate as they operate, is often used for the last 6’ or less of 


raceway prior to entering the motor. 
A. IMC 


B. LFMC 
C. EMT 
D. RMC 
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6. A(n).. receptacle is used for protection for computers and other sensitive electronic 
equipment from electromagnetic interference and electrical noise caused by harmonics 
and undesirable current flow on the EGC. 

A. explosionproof 

B. ground-fault circuit interrupter 
C. hospital-grade 

D. isolated ground 


7. A... lamp produces light when current flows through sodium vapor under high pressure 
and high temperature. 
A. high-pressure sodium 
B. low-pressure sodium 
C. mercury-vapor 
D. metal-halide 


8. Tap conductors that run from an outlet box in an overhead raceway to a luminaire with 
AC or MC cable must be at least 18” but not more than ___’ in length. 
А.З 
B.4 
Сб 
D. 10 


9. А(п) ___ branch circuit consists of a minimum of two ungrounded conductors with a 
potential difference between them, and a grounded conductor with a potential difference 
between it and the ungrounded conductors. 

A. appliance 

B. general-purpose 
C. multiwire 

D. special-use 


10. A. isan electrical overcurrent protection device with a fusible portion that is heated 
and broken by the passage of excessive current. 
А. circuit breaker 


B. contactor 
C. fuse 
D. GFCI 


11. A(n) testis the momentary energizing of a motor before it is coupled to the load 
to observe the direction of rotation. 
A. bump 
B. insulation spot resistance 
C. phase sequence 
D. rotation 


12. Most commercial and industrial lighting circuits operate at — V. 
A. 125 


B. 208 
C290 
1X 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


current is electric current that flows through insulators on a conductor. 


A. Excess 
B. Leakage 
C. Normal 
D. Residual 


Selection of overcurrent devices is decided by the — as part of the project design. 
A. authority having jurisdiction (AHJ) 
B. engineering firm 
C. installer 
D. owner 


А . isadeviceor group of devices used to manually or automatically control electric 
power to a motor. 

A. breaker box 

B. motor controller 

C. motor switch center 

D. switchgear center 


A(n) receptacle is identified by a "Test" and "Reset" button on the face of the 
receptacle. 

A. explosion-proof 

B. ground-fault circuit interrupter 

C. hospital-grade 

D. isolated ground 


Per the NECS, voltage drop on a feeder should never exceed ___%. 
As1.5 
Bez 
СЕ 
D: 


The four basic types of HID lamps used in commercial and industrial installations 
include low-pressure sodium, mercury vapor, high-pressure sodium, and. . 

A. fluorescent 

B. incandescent 

C. low voltage 

D. metal halide 


GFCI receptacles trip when the difference between ungrounded and — conductor 
current exceeds a difference of 4 mA to 6 mA. 

A. hot 

B. ground 

C. grounded 

D. fault 
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20. 


21. 


22. 


23. 


24. 


25. 


The total combined voltage drop of the feeder and branch circuit should be no greater 
than ^ ^6. 

A. 1.5 

B.3 

CS 

D.6 


In a(n) bend, the conductor does not enter or leave the enclosure through the wall 


opposite its terminals. 
A.L 
B.D 
Cs 
D.V 


_ are intended for the protection of personnel and rapidly de-energizes a circuit when 
the current to ground exceeds 4 mA to 6 mA. 

A. Grounding switches 

B. Adjustable circuit breakers 

C. Overload trips 

D. Ground-fault circuit interrupters 


A___isacomplete lighting unit including the components that distribute light, position 
and protect the lamps, and provide connection to the power supply. 

A. luminaire 

B. lamp holder 

C. lighting circuit 

D. lamp 


After the battery is installed, the emergency lighting unit must be tested to verify that 
the emergency lights can. . 

A. be seen from all areas within a room 

B. be seen in daylight and darkness 

C. function during a power loss 

D. function after an overload 


— frequency is the very high frequency (from about 1 kHz to about 20 kHz) of the 
short voltage pulses of varying length that simulate a lower frequency. 
A. Fundamental 


B. Variable 
C. Alternating 
D. Carrier 
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Completion 


1. Breakers installed for switching high-intensity discharge lighting must be marked as 


“ 


___”Ъу{һе manufacturer. 


2. A(n). circuit breaker has mechanisms for time and current that can be manually 
adjusted. 


3. A(n) A. lamp produces light from an arc tube. 


4. A(n) circuit is part of an electrical wiring system between the final set of circuit 
breakers or fuses and the fixtures and receptacles. 


5. ^ is the effect that occurs when light falls on a surface. 


6. ___ receptacles are required by the NEC? to be installed in areas such as bathrooms, 
kitchens, outdoor locations, garages, and rooftops. 


7. A(n) is a permanent barrier that prevents connection between adjacent conductors 
through arcing or inadvertent touching of conductors. 


8. A(n) lamp is an HID lamp that produces light by an electrical discharge through 
mercury vapor. 


9, A(n) q motor is a three-phase electric motor that is capable of operating on more 
than one system voltage. 


10. A(n) A is used to determine which of the three-phase power lines are powered and 
which power line is phase A, phase B, and phase C. 


11. A(n) is a small-magnitude overcurrent that, over time, can activate an overcurrent 
protection device. 


12. Phase-to-phase voltage should not be more {һап ___% from the average of all phase- 


to-phase readings. 


13. A(n) rating is the highest current at rated voltage an overcurrent protective device 
is intended to open and interrupt. 


14. A(n) __ lamp is commonly used for street, highway, parking lot, and floodlight 
applications. 


15. In most commercial and industrial applications, a(n) ___ A branch circuit is the most 
commonly installed general-purpose branch circuit. 


16. A(n) fluorescent lamp is 112" in diameter and 48" long. 


17. Any piece of electrical equipment rated 480 V and below must have a minimum resistance 
of | MQ when measured with a megohmmeter. 


18. A(n) |  isan electrically operated switch (contactor) that includes motor overload 
protection. 


19. A(n) ground receptacle is a receptacle in which the grounding terminal is isolated 
from the device yoke or strap. 


20. A(n) — is a short circuit between conductors and grounded parts. 


21. Branch circuits are rated based on the _. 


22. motors are commonly used in industrial applications such as freight elevators, 
mixing equipment, conveying equipment, and material processing. 

23. A(n)  isarequirement that must be met to allow conductors to be run without short- 
circuit and ground fault protection at the point where they receive their power supply. 


24. A(n) . receptacle has a spring-loaded cover оп the receptacle housing to protect the 
receptacle when not in use and is used with watertight plugs that are rotated and locked 
in place before power can be turned on to the equipment. 


25. A(n) . lamp is a low-pressure discharge lamp in which ionization of mercury vapor 
transforms ultraviolet energy generated by the discharge into light. 


True-False 
T F 1. The most common switch used in commercial and industrial installations is a single-pole, 
single-throw (SPST) switch. 
Ag F 2. Bonding jumpers are not required for cover-mounted receptacles and grounded metal 
boxes. 
Jt Е 3. The more lumens produced by a light source per watt of power used, the more efficient 


the light source is in producing light. 
. Most motor nameplates include the motor's wiring diagram. 
. Grounded and ungrounded conductors can open simultaneously. 
. No more than one four-way switch can be used in the same circuit. 


. A utility lineman rather than an installer typically performs overhead feeder installation. 
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. Tap conductors that run from an outlet box in the overhead raceway to the luminaire 
must be at least 1’ from the luminaire. 


У 
es 
© 


- Overcurrent protection devices of 800 A or less, which do not correspond to a standard 
size device listed in the NEC? are rounded down to the next standard device size. 


10. Devices are used to carry electrical energy to utilization equipment. 

11. A low-pressure sodium lamp has a U-shaped arc tube. 

. Green terminal screws are used for terminating grounding and bonding conductors. 
13. Only ungrounded conductors can be opened by switches. 


14. The voltage rating of a device must always be less than the nominal system voltage. 
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15. The most common method used to identify conductors is an insulation color-coding 
system. 


- 
"T 


16. Three-way switches must always be used in sets of three. 


F 17. Three-phase motors are less efficient in energy conversion than single-phase motors. 
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T Е 18. A megohmmeter applies a low voltage to circuits under test. 

T F 19. A device conducts, but does not use, electrical energy. 

m E 20. An adjustable circuit breaker has mechanisms for time and current that can be manually 
adjusted. 

T F 21. Some receptacles can accept attachment plugs of different voltages or current ratings 


than those for which they are specifically intended. 


E F 22. Bonding jumpers are not required where there is direct metal-to-metal contact between 
a receptacle and a device box or where a receptacle yoke has a spring-type grounding 
strap. 

T F 23. An individual branch circuit is a branch circuit that supplies energy to one or more 
outlets. 

T Е 24. Ambient air temperature does not affect overload relay operation. 

T Е 25. Hospital-grade receptacles can Бе installed in institutional and industrial locations. 

T F 26. For motors that are already in service, the information provided on the motor nameplate 


is often the only information available for reference purposes. 


T 2t 27. A metal-halide lamp produces less lumens per watt than a mercury-vapor lamp. 
Т Е 28. An insulation resistance spot test must be performed at regular intervals. 
T b 29. When installing a dual-voltage motor, the higher voltage is preferred when a choice 


between voltages is available. 


Е Е 30. The unit of measure of illumination is the lumen. 


Short Answer 


1. Briefly explain the advantages of using a pigtail when terminating conductors to various devices. 


2. List eight guidelines for proper installation of devices. 


3. List the five branch-circuit ratings. 


4. Briefly describe the typical insulation color-coding schemes used with ungrounded conductors in a 120/208 V 
branch circuit. 
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5. Briefly describe the typical insulation color-coding schemes used with ungrounded conductors in a 277/480 V 
branch circuit. 


6. List the most common fuse classes. 


7. List the five conditions of the 10' tap rule to be met so that a fuse or circuit breaker is not required at the point 
where the conductors receive their power supply. 


8. List the four basic types of lamps used in commercial and industrial lighting circuits. 
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Lighting Circuit Switches 


Three-Phase Motors 


1. 
2. 
3. 
4. 


ече лр UNM 


DPST 
Four-way 
SPDT 
SPST 


Bearing 


Fan 


. Housing 
. Nameplate 


. Power connections 


Rotor 


. Shaft 


. Stator windings 


Siemens 
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Electric Motor Nameplates 
Full load ampere rating 
Full-load speed 
Motor dimensions 


il: 
2: 
3: 
4. Standard ambient temperature 
5. Voltage rating 

6. 


Wiring diagram 


AC MOTOR THERMALLY PROTECTED 


Casi 38DKLAB26 


208-230 VOLTS 460 VOLTS 
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$$ ve 


TEZES [S] 83 


TO REVERSE ROTATION INTERCHANGE 
ANY TWO LINES LEADS 


MB 40C A A 


pxsicn В 
TIME 
Ea CONT. 


GROUND IN ACCORDANCE WITH LOCAL AND 
NATIONAL ELECTRICAL CODES. 

KEEP FINGERS AND FOREIGN OBJECTS AWAY 

FROM OPENINGS AND ROTATING PARTS. 


special considerations 
jr, and types of, temporary wiring 


nstallations 
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2 alectical tool installatiors 


Describe the hazardous location 
classification system 


Describe the common protective 
apparatus types used in hazardous 


locations 


Compore ine. different types of ger 
erators and describe the operation 
of zar transfer switch 


Describe some of the special elec- 
trical system features of health care 
facilities and how they affect wiring 


Mstakaotions 


Describe the basic types of renew- 
able energy systems and their special 
wiring requirements 
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A temporary wiring installation is a 
nonpermanent installation of electri- 
cal lighting and power systems during 
construction, remodeling, maintenance, 
repair, or demolition of buildings, struc- 
tures, and equipment. As with perma- 
nent installations, electrical equipment 
installed for temporary use must be in 
accordance with NEC? requirements. 
However, there are special considerations 
for the installation and wiring of equip- 
ment on a project including the removal of 
equipment immediately after construction 
is completed. It is necessary to select, 
install, and remove temporary wiring 
installations in accordance with NEC* 
requirements. There are several different 
types of temporary installations. Tem- 
porary wiring installations must include 
protection from ground faults. 


Commercial and industrial winng con be installed in severa 
different types of locations. One of the most common instalia 
tions is temporary wiring. Temporary wiring occurs throughout 
the installation process. Specific safety regulations apply for 
temporary wiring installations 

Working in hazardous (classified) tocatións and In 
stalling equipment in health care facilities requires the 
ability to install special equipment, and familiarity with NEC 
requirements that may not be required for standard installa- 
tions, in addition to hazardous locations and health care facil 
ities, special equipmenft.such as generators must be installed 
with requirements that are applicable only fo those types of 


installations. 


меча е 


Selecting electrical components and wiring 
for a temporary installation requires con- 
siderations that are different from those for 
permanent installations. Although project 
specifications can list the temporary- 
wiring installation requirements, techni- 
cians must also make decisions as to the 
type of temporary wiring installations 
required for some projects. Understand- 
ing the purpose of temporary wiring and 
considerations such as project time con- 
straints is necessary to get approval from 
the Authority Having Jurisdiction (AHJ). 


Temporary Wiring Applications. Com- 
mon temporary wiring applications in- 
clude construction projects and temporary 
decorative lighting displays. Typically, 
the first requirement for construction proj- 
ects is for electrical lighting and power 
as the facility construction takes place. 
Temporary wiring can also be required for 
other structures in addition to the building 
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under construction. For example, during 
the construction process other facilities 
such as storage buildings, staging areas for 
equipment, parking lots, and temporary of- 
fice trailers can require lighting and power. 
On large-scale projects such as factories, 
large distribution warehouses, and multi- 
level office buildings, temporary wiring 
requirements can be extensive. 

Technicians typically install several dif- 
ferent types of temporary wiring on a proj- 
ect. For example, temporary power may be 
required to supply heating to certain pipes 
and equipment to prevent freezing during 
winter months. Electrical and mechanical 
tests may require temporary electrical light- 
ing and power. 

Because of the different power require- 
ments for various pieces of construction 
equipment, different voltages and phases 
must be supplied throughout the various 
areas of the project. For example, 120 V, 16 
power is commonly used for most portable 
tools. However, certain equipment requiring 
480 V, 3 power, such as portable welding 
machines, can be used on a project. Some 
equipment can also require DC power. 

Holiday decorative lighting is a form 
of temporary lighting that is used with 
holiday displays. Holiday decorative 
lighting has certain requirements that 
are different from those for ordinary 
temporary wiring used for construction 
purposes. 


Temporary Wiring Time Limitations. 
Temporary wiring installations have lim- 
its on the amount of time that they can 
be installed because it may not comply 
with NEC? requirements for permanent 
installation. For example, holiday dec- 
orative lighting can be installed for a 
period of ninety days only, while tem- 
porary wiring used for construction 
purposes can remain in place for the 
duration of the project. Upon completion 
of construction, temporary wiring must be 
disconnected from the power source with 
the conductors and any related equipment 
from the project removed. 


Temporary Wiring Approval. Temporary 

wiring installations are required to be ap- 

proved by the AHJ. Installation factors that 

must be known to get approval from the 

AHJ include the following: 

* expected time of service 

* equipment and conductors properly 
sized to meet power requirements and 
expected voltage drop 

e grounding and bonding requirements 

* exposure to physical abuse 

• type of location (dry, damp, wet, or 
outdoors) 

* exposure to flammable or hazardous 
materials 

* exposure to vehicle traffic, forklifts, 
overhead cranes, etc. 

* equipment and wiring supports 

* adequate protective equipment 


Temporary Wiring Installation Types 


Temporary wiring installation types can be 
different because load requirements during 
construction can change. For example, ini- 
tial electrical needs may require supplying 
temporary trailers at the job site. Then, as 
construction progresses, large three-phase 
welding machines and extensive temporary 
lighting can require power. Portable tools 
and small lighting loads also require elec- 
trical power as final construction tasks are 
performed. Changes in load requirements 
require changes to the temporary power 
distribution system. Temporary wiring 
installation types include services, feeders, 
branch circuits, and flexible cords. As with 
permanent installations, installation of 
temporary power must be compliant with 
the same NEC? specifications as permanent 
installations. 


Temporary wiring has slightly relaxed 
standards for electrical installations, 
but it is only permitted for certain 
reasons, such as construction or 
emergencies, and must be removed 
when no longer needed or after a 
certain period of time. 


Temporary Service Installations. Instal- 
lation of temporary services must conform 
to the same requirements as permanent 
installations. These requirements include, 
but are not limited to, the following: 

* Trees must not be used to support service 
conductors. 

* Service conductors must not be smaller 
than 8 AWG copper, 6 AWG aluminum, 
or 6 AWG copper-clad aluminum. 

* Servicedropconductors rated under 600 V 
must have an 18' clearance over public 
streets, alleys, roadways, parking areas 
subject to truck traffic, and nonresiden- 
tial driveways. 
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e Service drop conductors require a 3’ min- 
imum clearance away from windows that 
can be opened, doors, porches, balconies, 
ladders, stairs, fire escapes, or similar 
locations. 

Note: The 3’ clearance requirement does 
not apply to service conductors installed 
above a window. 

It is normal for loads to vary greatly 
during the construction process. As new 
loads are added, technicians must adjust 
to significant changes to the load on the 
system, provide additional power through 
other means, and set up and use portable 
power sources as required. See Figure 10-1. 


Тетрогогү Service Installations 


PRIMARY 
POWER SOURCE 
(NOT CONNECTED) 


FACILITY 
UNDER 
CONSTRUCTION 


їй 


SERVICE ENTRANCE 
(NOT CONNECTED) 


Figure 10-1. Temporary service installations are required to comply with the same NEC? requirements as for per- 
manently installed services. 
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Figure 10-2. Temporary 
service distribution pan- 
els contain receptacles 
for incoming feeders 
and circuit breakers for 
branch circuits. 


Temporary Feeder Installations. Most 
commercial and industrial wiring projects 
require the use of temporary feeders. For 
temporary wiring installations, conductors 
that can be used as feeders include cable as- 
semblies, multiconductor extension cords, 
and single-conductor extension cords. 

When multiconductor or single-conductor 
extension cords are used for temporary feed- 
ers, the outer jacket must be able to withstand 
heavy and severe usage. Extension cords 
listed for such use must have the outer jackets 
marked “hard usage" or “extra-hard usage.” 

To distribute temporary power, tem- 
porary service distribution panels that 
contain built-in utility meters are used. 
Temporary service distribution panels also 
contain receptacles for incoming feeders 
and circuit breakers for branch circuits. 
See Figure 10-2. 
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Temporary Branch Circuits. Temporary 
branch circuits must be properly bonded 
and grounded. Receptacles and lighting 
must not be on the same branch circuit 
because if a load at a receptacle causes the 
circuit breaker to trip, temporary lighting 
would be lost at the same time. To obtain 
approval from the AHJ, the following fac- 
tors must be considered when installing 
temporary branch circuits: 


e Branch circuits must originate in an 
NEC®-approved power receptacle or 
panelboard. 

* Voltage drop from the beginning of the 
branch circuit to where the load receives 
its power must be no more than 3%. 

* A separate EGC must be routed for 
each branch circuit (unless installed in 
acontinuous grounded metal raceway or 
metal-covered cable). 

• Receptacles must be properly connected 
to EGCs. 

• Receptacles for use on construction sites 
must not be installed on branch circuits 
that supply temporary lighting. 

* Disconnect switches or plug connectors 
must be installed on each temporary 
circuit. 

* Protective guards must be provided for 
lamps used for general lighting, to mini- 
mize the possibility of accidental contact 
should the lamp break. 

* When transitioning to conduit, EMT, 
metal-sheathed cable, boxes, conduit 
bodies, terminal fittings, always use sep- 
arately bushed holes for each conductor 
to make the transition. 


The demand factor for an electrical 
load is the ratio of the maximum 
demand of a system, or part of a 
system, to the total connected load 
of a system or fhe part of the system 
under consideration. 


Extension Cords. Extension cords are com- 


monly used on commercial and industrial 
wiring projects by tradesworkers. The NEC® 
refers to extension cords as flexible cords. 
Because of extensive use and vulnerability to 
damage, care must be taken when selecting 
and installing extension cords. A hard-usage 
extension cord is a flexible extension cord 
designed for commercial and industrial use. 
Commercial and industrial use can include 
use in dirty and dusty environments such 
as floors, exposure to mud and moisture, 
chemicals, temperature extremes, and heavy 


foot traffic. Hard-usage extension cords are 
identified per the NEC? by a "type desig- 
nation,” where a type letter designation and 
other information is printed on the extension 
cord's outer jacket. See Figure 10-3. 
Although hard-usage extension cords 
are designed for a certain amount of abuse, 
additional means to protect them from ac- 
cidental damage can be used. A cable pro- 
tector is a device used to protect cables and 
cords routed over floors from foot and ve- 
hicular traffic. Cable protectors are flexible 
and have beveled edges to prevent tripping 
hazards. For example, hard-usage extension 
cords can be placed under cable protectors 
to both minimize tripping hazards and 
protect the outer jacket and conductors 
from additional damage. See Figure 10-4. 
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To obtain approval from the АНЈ, the fol- 
lowing factors must be considered when 
installing extension cords: 


* Extension cords routed through doorways 
must have protection from pinch points. 

* Support flexible cord and cable with staples, 
cable ties, straps, or similar type fittings for 
protection from physical damage. 

* Trees or other vegetation must not sup- 
port overhead spans of flexible cord and 
cable. Use staples, cable ties, and straps 
to attach cables to structures. 

* Never repair an extension cord by splic- 
ing. Shorten an extension cord by remov- 
ing the damaged section and reattaching 
an attachment plug or cord connector, or 
discard the extension cord and replace 
with a new one. 
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CIRCUIT 


PORTABLE 
LAMP 


TYPE E. 


MAXIMUM 
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Type STO, - V) 2 No. 1 2 ! 
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HARD-USAGE EXTENSION CORD MARKINGS 


Figure 10-3. Hard-usage 
extension cords are iden- 
tified by a type designa- 
tion, where a type letter 
designation and other 
information is printed on 
the outer jacket of the 
cord. 
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Figure 10-4. A cable pro- › С : 
tector is used to protect . Cable Protectors 
cables and cords routed 
over floors from foot and 
vehicular traffic. 
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Extension cords that have been damaged or repaired with tape should 
be taken out of service and discarded immediately. 
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Ground Fault Protection 


Ground fault protection is required for 
personnel and equipment during activities 
that require temporary installations such 
as construction, remodeling, maintenance, 
repair, and demolition and includes tempo- 
rarily installed 125 V, single-phase, 15 A, 
20A, and 30A receptacles. Extension cords 
and portable electric tools also require 
ground fault protection. Protective devices, 
extension cords, and portable tools should 
be regularly tested, inspected, and repaired 
or replaced as necessary. 


GFCIs. Temporary power receptacles 
must be protected by a ground-fault circuit- 
interrupting (GFCI) device. A protective 
device can be a GFCI receptacle or a 
circuit breaker for branch circuits. For 
example, extension cord sets can be used 
with a GFCI protective device installed 
in the flexible cord or with individ- 
ual GFCI devices that plug directly into an 
unprotected receptacle. See Figure 10-5. 


Chapter 10— Commercial and Industrial Installations 359 


- t- Ground Fault Protection Methods 
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Figure 10-5. Ground fault protection is required for all personnel and equipment when 
using temporary installations. 
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Ground-fault circuit interruption require- 
ments also apply to permanently installed 
receptacles that are used for purposes such as 
construction and maintenance. When recepta- 
cles (that are part of the permanent wiring of 
the facility) are used for temporary construc- 
tion power, methods used for protection from 
ground faults include the following: 

* use of extension cord sets that contain 

GFCI protection 
* use of portable GFCI devices 
* temporary replacement standard recepta- 

cles with GFCI receptacles for the period 

of construction or remodeling 

* temporary replacement of standard 
branch circuit breakers with GFCI circuit 
breakers for the period of construction or 
remodeling 

GFCI devices must be tested upon 
installation. GFCIs contain electronic 
components such as operational amplifiers 
that can fail due to voltage surges within a 
distribution system. Routine and periodic 
maintenance should include testing of 
GFCI protective devices. GFCI devices can 
be tested with a receptacle tester that plugs 
into the receptacle and provides a ground 
fault in the circuit to trip the GFCI. GFCIs 
also have a “test” button mounted on the 
GFCI, which supplies a ground-fault to 
trip the GFCI. When tests are performed on 
GFCIs, the specific GFCI tested, test date, 
and test results must be recorded by the tech- 
nician and maintained for future reference. 


Assured Equipment Grounding Conduc- 
tor Program. NEC? and OSHA regulations 
require the use of GFCIs for personnel 
protection. OSHA also requires the use of 
an assured equipment grounding program. 
An assured equipment grounding conductor 
program (AGP) is a written procedural pro- 
gram of tests used to verify the integrity of the 
EGC in receptacles used in temporary power, 
extension cords, and portable corded power 
tools. See Figure 10-6. An AGP is specific to 
the employer or job site where the integrity of 
EGCs must be verified. Since an AGP must 
be a written document, test results must be 
recorded and are subject to inspection by 
the AHJ. Competent persons are required to 


administer and perform the tests as required 
by procedure. An AGP includes tests for 
EGC continuity, proper attachment of EGC 
to receptacles and plugs, and verification of 
connection of EGC to the proper terminal. 
Tests are typically performed before first use 
on job site, when there is evidence of dam- 
age, before equipment is returned to service 
following any repairs, and at intervals not 
exceeding three months. 

Various methods are used to identify a 
device, extension cord, or tool that has been 
tested within its specified period. Identifica- 
tion methods include the use of tags or colored 
tapes. Additionally, as part of the procedural 
program, written records are used to verify 
proper testing of extension cords, and portable 
corded power tools. Job-specific procedures 
are used to verify how to correctly identify 
components that have successfully met the 
testing requirements. 


PORTABLE ELECTRIC TOOL 
INSTALLATIONS 

Portable electric tools are the most used type 
of equipment on a job site. Portable electric 
tools used for installation projects include 
hammer drills, reciprocating saws, circular 
saws, table saws, conduit benders, cable pull- 
ers, and pipe threaders. Portable electric tools 
are typically used with hard-usage extension 
cords. It is the responsibility of technicians 
to verify that portable electric tools are 
powered through proper wiring methods and 
maintained through testing and inspection 
procedures. 


Wiring Methods 

Proper wiring methods and techniques used 
to provide power to portable electric tools 
are required for compliance with OSHA 
regulations. Extension cord sets and portable 
electric tools are manufactured with a flexi- 
ble cord and an attachment plug on the end. 
However, it is not uncommon for electrical 
personnel to fabricate extension cords for 
special applications, and replace portable tool 
cords and plugs as required. Conducting tests 
required by an AGP can identify faulty plugs, 
receptacles, and cords. 
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> Assured Equipment Grounding Conductor Progrom (AGP) Tests 
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Figure 10-6. Assured equipment grounding conductor program (AGP) tests are used to verify the EGC integrity of 
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extension cords, and portable plug-in type tools. 


A. heavy-duty plug is a plug that is 
used on high-wattage appliances and 
devices that operate on 230 V or 460 V. 
Heavy-duty plugs can be used on 19 or 3$ 
equipment. The exact size and number of 
conductors required depends on the indi- 
vidual load that the cord is used to power. 
See Figure 10-7. To replace a heavy-duty 
plug from a cord, remove the old plug at 
its base with a wire cutter and apply the 
following procedure: 

1. Insert cord into plug and strip about 
34" insulation from wires. Twist wire 
strands and form a loop. 

2. Insert wires into wire pockets and 
tighten the terminal screws. The cor- 
rect terminal screw varies consider- 
ably depending on the power supply 
used. 

3. Insert plug into plug cover and tighten 
assembly screws. 

4. Tighten strain relief screws. 


Testing and Inspection of Portable 
Tools 


After repairs are performed on portable 
tools, such as replacement of plugs and 
fabrication of new extension cords, tests 
required by an AGP must be performed and 
the results documented. In addition to tests 
required by an AGP, a final test must be per- 
formed with a multimeter to verify the con- 
tinuity of the EGC and for proper polarity 
of each connection. A final visual inspection 
must be made to check for physical damage 
such as exposed conductor appearing where 
the flexible cord passes into the attachment 
plug or cord connector and lacerations to 
outer jacket of the flexible cord. 
Additional safety considerations for 
installation projects include the use of 
double-insulated tools and battery char- 
gers for battery-operated tools. A double- 
insulated tool is a tool designed so that 
a single ground fault cannot cause a 
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dangerous electrical shock through any 
exposed parts of the product that can 
be touched by an technician. A double- 
insulated tool has a plastic outer case that 
forms a second, protective outer insula- 
tion layer for protection from electrical 
shock. Double-insulated tools do not have 
an EGC to attach to the outer case since 
the outer case is made of nonconductive 
(plastic) material. Attachment plugs used 
on double-insulated tools have only two 
blades (no grounding prong). A tool with 
a damaged outer case has minimal insu- 
lating properties and must be replaced. 
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A battery charger is an electrical com- 
ponent that rectifies 120 VAC into the ap- 
propriate level of DC voltage for charging 
portable batteries. When double-insulated 
tools and battery chargers are used, it 
must be verified that the outer case of 
each tool and any battery chargers are not 
damaged and are in good working order. 


HAZARDOUS LOCATION 
INSTALLATIONS 


A hazardous (classified) location is an 
area containing highly flammable or 
combustible products, vapors, or fumes. 
The NEC? determines which areas are 
classified as hazardous. When certain 
gases, vapors, dust, or fibers are present, 
it is possible that an electrical spark or 
heat generated from electrical equipment 
can ignite combustible materials and 
cause a fire or explosion. Equipment and 
protective devices designed for hazard- 
ous locations must be installed by using 
proper installation methods. Hazardous 
locations require the use of special pro- 
tective apparatuses. 


Cooper Crouse-Hinds 


Figure 10-7. Faulty heavy-duty plugs can be replaced on extension 
cords and portable tools as required. 


Enclosures installed in certain hazardous 
locations must be explosionproof. 


Hazardous Location Classifications 


Different locations can be considered 
hazardous based on the types of materials 
present and the possibility of electrical 
equipment igniting such materials. The 
classification of the hazardous location de- 
termines the type of wiring methods to be 
used and specific equipment to be installed. 

The NEC® classification system is 
based on the properties of the material 
present in the location. See Figure 10-8. 
A flammable material is a material that 
is subject to easy ignition and capable of 
rapid flaming. Examples of flammable 
materials include gasoline, liquid propane, 
and acetone. A combustible material is 
a material that can ignite and sustain a 
flame. Examples of combustible materials 
include paper, wood, cardboard, cloth, and 
dust particles. 


Per the NEC?, equipment for installa- 
tion in hazardous locations must be 
tested and approved for use accord- 
ing to the type of hazard involved. 
Hazards can be classified as Group 
A, B, C, D, E, F, or G depending on 
the atmospheric conditions caused 
by the hazard's presence. 


A Class I location is a hazardous lo- 
cation in which sufficient quantities of 
flammable gases and vapors are present in 
the air such that an electrical spark or heat 
produced by electrical equipment could 
cause an explosion or ignite the hazardous 
material. A Class II location is a hazardous 
location in which sufficient quantities of 
combustible dusts are suspended in the 
air such that an electrical spark or heat 
produced by electrical equipment could 
cause an explosion or ignite the hazardous 
material. A Class 11 location is a hazardous 
location in which sufficient quantities of 
easily ignitable fibers or flyings are pres- 
ent in the air but not in sufficient quantity 
to cause an explosion or ignite hazardous 
materials. Most industrial facilities have 
at least one hazardous classified location. 
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Each classified location is also assigned 
a division number based on the likelihood 
of the presence of hazardous material. A 
Division 1 location is a location where 
flammable gases or combustible dusts 
can be present under normal conditions. 
A Division 2 location is a location where 
hazardous substances could be present, but 
are not under normal conditions. 

Since different flammable materials with- 
in a class have different explosion character- 
istics, an additional level of classification is 
needed to ensure that electrical equipment 
can be designed to withstand the specific 
types of material encountered. A group is a 
classification for an atmosphere that contains 
a certain type of flammable material. For 
example, Class I contains Group A (acety- 
lene), Group B (vapors with a relatively high 
susceptibility to explode), Group C (vapors 
with a relatively moderate susceptibility 
to explode), and Group D (vapors with a 
relatively low susceptibility to explode). 
There are three groups (E, F, and G) listed 
for Class П locations and no groups listed for 
Class III locations. Nameplates and manu- 
facturer's specifications are referenced to 
identify the class, division, and group listings 
for equipment. 


Class I, Division 1 Locations. Class I, 
Division 1 locations normally have sufficient 
quantities of flammable vapors or gases pres- 
ent such that an arc, spark, or heat produced 
by electrical equipment could cause ignition 
of the material and an explosion. Examples 
of Class I, Division 1 locations include: 

* transfer areas for flammable liquids, such 
as gasoline, naphtha, benzene, diethyl 
ether, and acetone 

* transfer areas for flammable gases such 
as hydrogen, methane, and propane 

* areas that contain paint-spray booths 

* areas adjacent to where flammable sol- 
vents are used or stored 

* areas that contain open tanks of flamma- 
ble liquids 

* areas where flammable liquids are used 
for cleaning 

* pump rooms for flammable gases or 
liquids 
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HAZARDOUS LOCATIONS 


Hazard Group. Туре of Substance 
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Figure 10-8. The standard classification system used by the NEC? 
incorporates the use of a class, division, and group system to classify 
hazardous materials. 


Since flammable gases or vapors are 
likely to be present in hazardous classified 
locations, commercial and industrial wiring 
methods in these areas are restricted. 

Electrical equipment is only installed in 
hazardous classified locations as necessary. 
Only Type RMC or Type IMC conduits are ap- 
proved for Class I, Division 1 locations. Min- 
eral-insulated, metal-sheathed cable can also 
be used. Boxes and fittings installed in Class 
I, Division 1 locations must be explosion- 
proof. Conduit joints and connections must 
be threaded with standard tapered threads. 
On any connection at least five threads must 
be fully engaged. See Figure 10-9. 


Certain conditions exist for the use of 
type PVC conduit and type RTRC in 
Class 1, Division 1 locations. However, 
this exception is limiting, requiring 
the PVC or RTRC to be encased in 
concrete with a minimum thickness 
of 2". Additionally, the PVC or RTRC 
must be buried at least 2’ below 
grade with type RMC or steel IMC 
used for the last 2' of the run from 
the PVC or RTRC to where it emerges 
from the ground or is connected fo 
the aboveground raceway. 
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Figure 10-9. Ali boxes and fittings installed 
in Class 1, Division 1 locations must be ex- 
plosionproof and have at least five con- 
duit threads engaged with the fitting hub. 


Class I, Division 2 Locations. Because 
Class I, Division 2 locations indicate that 
flammable gases or vapors can be, but are 
not normally, present, then areas directly 
adjacent to Class 1, Division 1 areas are 
normally classified as Class I, Division 2 
locations. For example, a Class I, Division 
2 location can be a room where flammable 
liquids are stored in sealed drums, pails, or 
tanks. Such areas are expected to contain 
the flammable gases or vapors, in the event 
of container leakage, when a dangerous 
condition could exist. 


Enclosed busways and wireways can 
also be installed in addition to the RMC 
and IMC conduits provided that polymeric 
gaskets are used at connection points. Cable 
types that can be installed in Class I, Divi- 
sion 2 locations include mineral-insulated 
(MD, metal-clad (MC), medium-voltage 
(MV), and tray cable (TC). Conduit types 
that can be installed in Class I, Division 
2 locations include flexible metal conduit 
(FMC), liquidtight flexible metal conduit 
(LFMC), and liquidtight flexible nonme- 
tallic conduit (LENC). 


Class II, Division 1 Locations. Because 
Class II, Division 1 locations have sufficient 
amounts of combustible dust normally pres- 
ent to result in ignition and explosion, most 
agricultural and food processing facilities 
have this classification. Examples of Class 
II, Division 1 locations include areas where 
the following materials are handled: 
* grain and grain products 
* pulverized sugar and cocoa 
* dried egg and milk powders 
* ground spices 
* starch and pasta 
* potato and wood flour 
* oil meal from beans and seeds 
* dried hay 
* corn products 

Class II, Division 1 locations require the 
use of RMC, IMC, or MI cable. Require- 
ments such as tight-fitting covers without 
mounting holes in the box exist for boxes 
and conduit bodies that contain splices, 
taps, or terminations. Approved boxes and 
conduit bodies are marked for use in Class 
II locations. If flexible connections are re- 
quired, installers can use LFMC or LFNC 
with listed fittings. 


Class II, Division 2 Locations. Class II, 
Division 2 locations indicate that if combus- 
tible dust is present in sufficient quantities, 
it can result in ignition and explosion by an 
electrical arc or spark, or by heat produced 
from electrical equipment. For example, 
such an area can be where only malfunc- 
tioning equipment allows the condition to 
exist. Though not expected to malfunction, 
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malfunctioning equipment can result in 
the release of combustible dust to the im- 
mediate environment, causing a hazardous 
condition. Raceway and cable types that can 
be installed in Class II, Division 2 locations 
include RMC, IMC, EMT, dusttight wire- 
ways, MI cable, MC cable, and TC. 

Raceways, fittings, and boxes that con- 
tain splices, taps, or terminations must be 
designed to minimize the entrance of dust 
and contain arcs and sparks. Boxes and fit- 
tings in Class II, Division 2 locations must 
be equipped with close-fitting covers that 
do not allow dust to enter. 


Class III, Division 1 Locations. Class III, 
Division 1 locations have easily ignitable fi- 
bers or other particles present under normal 
conditions. Class Ш, Division 1 locations 
are often located in textile, paper, and wood 
mills. Class III, Division I locations include 
rooms and processing areas within manu- 
facturing facilities including clothing- or 
fabric-manufacturing plants, woodworking 
plants, flax-processing plants, and paper 
mills. Raceway and cable types that can be 
installed in Class III, Division 1 locations 
include RMC, IMC, EMT, RNC, dusttight 
wireways, MI cable, and MC cable. 


Class III, Division 2 Locations. Class III, 
Division 2 locations do not have easily ig- 
nitable fibers or particles normally present 
in sufficient quantities to produce ignition 
or explosion. Areas where easily ignitable 
fibers or particles are stored or handled are 
commonly classified as Class III, Division 
2. For example, a warehouse at a clothing 
manufacturing plant is classified as a Class 
III, Division 2 location. Other examples of 
Class III, Division 2 locations include stor- 
age areas for bales of cotton and processing 
areas in woodworking plants. 


Because of the presence of explo- 
sive vapors and dusts, when working 
in any Class 1 or Class Il location, 
spark-resistant hand fools made from 
brass or copper alloys must be used. 
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Zone Classification System 


The zone classification system is an optional system for classifying 
Class I locations and is a separate system from the division system. 
Class І locations can be identified as Zone 0, Zone 1, or Zone 2. 
While not as often used as the division system, technicians must 
be aware of the existence of the zone system and refer to the 
NEC? as required for specific information relating to zone classi- 
fications. The division and zone classification systems are never 
used in conjunction with one another. 


Hazardous Location Protective 


Equipment 

Because some electrical equipment must 
typically be installed in hazardous (classified) 
locations, various types of protective equip- 
ment are used to provide different levels of 
protection from arcing, sparks, combustible 
dusts, and flammable vapors and liquids. 
Protective equipment is designed to protect 
conductors, switches, receptacles, and other 
electrical equipment from explosions, entry 
of combustible dust, and entry of flammable 
materials. 


Explosionproof Apparatuses. An explosion- 
proof apparatus is an apparatus enclosed in 
an enclosure that can withstand a vapor or gas 
explosion within it. Though explosive gases 
can escape as the result of an explosion, an 
explosionproof apparatus is designed to al- 
low sufficient cooling of explosive gas upon 
its escape such that the gas cannot ignite 
the surrounding atmosphere. The surface 
temperature of the explosionproof apparatus 
must not ignite the atmosphere in which it is 
located. Examples of explosionproof appara- 
tuses include enclosures for control circuits, 
switching circuits, and lighting circuits. 

A technician should always refer to equip- 
ment nameplates when installing explosion- 
proof apparatuses. The equipment nameplate 
data specifies the class, division, and group, 
as applicable, for which the equipment is 
listed. Explosionproof motors and generators 
(rotating equipment) are available for Class I 
locations for certain groups. Other explosion- 
proof options for rotating equipment include 
those that are ventilated with clean air, which 
is then discharged to a safe location, and those 
that are pressurized with an inert gas. 


Explosionproof options for luminaires 
include designing enclosures to meet 


certain impact requirements, requiring only 
pressure-type lugs for wiring, and increasing 
spacing requirements within the lighting 
fixture between grounded and ungrounded 
parts. Equipment listed for use in Class I, 
Division 1 locations such as motor con- 
trollers, control panels, and panelboards 
must be classified as explosionproof. See 
Figure 10-10. 


Dust-Ignition-Proof Apparatuses. Equip- 
ment installed in hazardous locations is 
protected from combustible dust by the in- 
stallation of dust-ignition-proof apparatuses. 
A dust-ignition-proof apparatus is an appa- 
ratus that provides protection by excluding 
ignitable amounts of dust into an enclosure. 
A dust-ignition-proof apparatus is designed 
to ensure that arcs that occur within an en- 
closure do not ignite dust in the surrounding 
atmosphere or on the exterior of the enclosure. 
A dust-ignition-proof apparatus is most com- 
monly used in Division 2 locations because 
of the presence of combustible dusts. For 
example, dust-ignition-proof equipment is 
typically installed in agricultural structures 
such as grain elevators. 


Purged and Pressurized Apparatuses. 
A purged and pressurized apparatus is an 
apparatus that is designed and constructed 
to receive a continuous flow of clean air 
through equipment or to receive clean air or 
inert gas to maintain a positive pressure inside 
the equipment. A purged and pressurized 
apparatus provides protection by maintaining 
the equipment free of flammable gases and 
vapors by providing a continuous flow of 
clean air or an inert gas or pressurizing of the 
equipment. The installation of a purged and 
pressurized apparatus usually requires the 
installation of control circuits. For example, a 
relay circuit with a time-delay function can be 
installed to prevent re-energizing equipment 
for a specified period after it has lost and 
regained pressure. 

Applications that require the use of purged 
and pressurized equipment are where non- 
explosionproof motors are installed in Class 
I locations. Because the motor is not explo- 
sionproof and gases or vapors could easily 
enter the motor, a nonexplosionproof motor 
must have a purging system attached to it to 
remove flammable gases and vapors. 
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Conduit Seals. A conduit seal is a fitting 
inserted into conduit to isolate certain elec- 
trical apparatuses from atmospheric hazards. 
The purpose of a conduit seal is to minimize 
the passage of gases, vapors, or flames from 
one side of an electrical installation to anoth- 
er. Conduit seals are installed in hazardous 
(classified) locations to provide isolation 
between hazardous and nonhazardous areas. 
For example, if a run of conduit leaving a class 
location and entering an unclassified location 
is installed without conduit seals, the flamma- 
ble gases or vapors could migrate through the 
conduit system from the hazardous location 
to the unclassified location. Conduit seals 
in Class I, Division 1 locations must be in- 
stalled within 10’ of a boundary (wall). See 
Figure 10-11. 
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Figure 10-10. Equipment listed for use in | 
Class |, Division 1 locations must be classi- Figure 10-11. A conduit seal minimizes the passage of gases, vapors, 
fied as explosionproof. and flames from one area to another area through electrical raceways. 
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Figure 10-12. Sealing 
compounds are poured 
into specialized conduit 
fittings and expand and 
harden once installed. 


A sealing compound is a material spe- 
cifically designed for installation in conduit 
fittings to expand and fill the area around 
conductors to prevent the flow of gases or 
vapors through the conduit past the fitting. 
Sealing compounds are poured into special- 
ized conduit fittings and expand and harden 
once installed. A fiber dam is a material 
placed in the sealing fitting of a conduit to 
provide the structural bottom for liquid seal 
material as it is poured into the fitting. Prior 
to pouring sealing compound into a fitting, 
a technician must separate the conductors 
from one another and a fiber dam packed 
around the wires. 

Separating out the conductors allows the 
sealing compound to completely flow around 
them when poured. The fiber dam keeps the 
sealing compound within the fitting until 
the compound has hardened. The sealing 
compound is typically a powder mixed with 
water before pouring. Other types of sealing 
compound include epoxy-based materials. 
Once prepared for pouring, the sealing com- 
pound is poured into the fitting. The sealing 
compound forms a seal around the conductor 
and the inside wall of the fitting. The time 
required for most sealing compounds to 
harden is about 60 minutes. Some types gel 
and thicken in about 5 minutes and do not 
require a fiber dam. See Figure 10-12. 
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Other Protective Methods. Safety require- 
ments can be met through the installation of 
several other protective methods in hazard- 
ous locations. An intrinsically safe circuit is 
a circuit in which a spark or heat generated 
by the circuit is insufficient to cause igni- 
tion. Intrinsically safe apparatuses contain 
intrinsically safe circuits and include certain 
leak detection systems, level indicators, and 
other similar instrumentation apparatus. 

А gas detection system is a system in- 
stalled to monitor and control electrical sys- 
tems and equipment in hazardous locations 
and to warn of the presence of hazardous 
gas. Examples of gas detection systems 
include hydrogen detection systems and gas 
leak sensor systems. Gas detection systems 
are used in locations such as chemical re- 
fineries, paint-manufacturing facilities, and 
underground installations used for mining 
operations and emit an alarm or siren when 
gas is present. 


Certain types of gas such as phos- 
gene (carbonyl chloride, СОС!) are 
odorless, colorless, poisonous, and 
possibly fatal when inhaled. 


GENERATOR INSTALLATIONS 


А generator is an electromechanical device 
that converts mechanical energy into elec- 
trical energy by means of electromagnetic 
induction. Generator types range from small 
portable units used during construction to 
provide electrical energy for power tools and 
temporary lighting systems to large, perma- 
nently installed, pad-mounted units driven by 
large fuel-driven engines. A diesel, gasoline, 
natural gas, or propane engine powers the 
generator. 


Although a generator powered by gas- 
oline, natural gas, or both typically has a 
lower installation and operating cost than a 
diesel-powered generator, diesel-powered 
generators are preferred for installations 


having large power requirements because they 
require less maintenance and have a longer 
operating life. Diesel fuel also has a longer 
shelf life than gasoline and can be stored on- 
site for longer periods. 

Generators can be temporary (portable 
or mobile) or stationary. See Figure 10-13. 
A portable generator is a hand-carried gen- 
erator that can be easily moved from one 
location to another. A mobile generator is 
a vehicle-mounted generator that is moved 
on wheels or rollers. A stationary generator 
is a generator that is permanently installed 
as part of a standby or emergency back-up 
power system. 

Generators are selected based on the 
voltage output of the regular building sup- 
ply system and the amount of load they are 
required to supply. Generators must have the 
same voltage output and number of phases as 
the regular building supply system. Genera- 
tors are rated in watts (W) or kilowatts (KW) 
and typically range from 1000 W to several 
hundred kW. Most permanently installed 
generators supplying industrial facilities are 


rated 2 MW or higher. 


Temporary Power Generators 


Portable and mobile generators can be air or 
liquid cooled. Units that have capacity greater 
than 15 kW are typically liquid cooled. Porta- 
ble generators typically have power capacity 
up to 15 kW. Mobile generators typically have 
power capacity up to several hundred watts, 
with the largest mobile units typically 2 MW. 

Temporary power requirements on most 
commercial and industrial installation proj- 
ects are large enough to require the usage of 
mobile vehicle-mounted generators. Most 
mobile generators are mounted on a vehicular 
trailer for portability. Some vehicle-mounted 
units also have adjustable lighting standards 
attached to the trailer to supply a light from 
the use of metal-halide HID lamps. Most 
types of portable and mobile generators have 
general-purpose GFCI receptacles for utiliza- 
tion equipment, such as electric drills, battery 
chargers, portable band saws, and other power 
tools and equipment. 
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To prevent damage to equipment and per- 
sonnel, portable generators may be grounded 
through the use of a ground wire connected 
from the frame of a generator to a ground rod 
driven into the earth. A portable generator is 
not required to be grounded if the generator 
has GFCI receptacles mounted on the genera- 
tor panel with equipment grounding terminals 
bonded to the generator frame. 


| > Power Generators 


STATIONARY 


Figure 10-13. Temporary power gener- 
ators can be portable or mobile, but 
stationary power generators are installed 
permanently. 
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When grounding a portable genera- 
юг, copper, brass, or steel grounding 
rods typically should be driven into the 
earth at a depth that is past the frost 
line. For example, in northern Illinois, 
ground rods must be driven to a depth 
greater than 42", which is the frost line 
for that geographical area. The local 
AHJ must be consulted when installing 
ground rods to determine the proper 
grounding depth requirement. 


Mobile vehicle-mounted generators are 
grounded depending on the type of usage. 
If the generator supplies only equipment 
located on the vehicle, or cord-and- 
plug-connected equipment connected to 
receptacles on the vehicle, a ground rod 
is not required. If the generator supplies 
the premises wiring system of the facility, 
grounding is required. 


Stationary Generators 
Stationary generators may be similar to 
vehicle-mounted generators, but they 
are not equipped with a trailer. Station- 
ary generators that are installed as part 
of an electrical distribution system of a 
facility are typically used for supplying 
power to fire pumps, providing emergency 
power, providing standby power, or are 
sometimes interconnected to the utility 
distribution system. The installation of 
stationary generator systems is specific, 
based on the type of application. 
Stationary generator minimum capac- 
ity is based on the amount and types of 
equipment that are to be supplied. Con- 
ductors from the generator to the first 
distribution device containing overcurrent 
protection must be sized at 11596 or more 
of the nameplate amperage rating of the 
generator. Overcurrent protection for the 
generator and protective guards to prevent 
injury to personnel must also be installed. 
Stationary generators typically are sup- 
plied with fuel stored in an underground 
fuel tank. Because stationary generators 


can become excessively hot, they must 
be installed in a room where fresh air can 
be regularly circulated and exhaust fumes 
can be discharged or outdoors in a weath- 
erproof enclosure. See Figure 10-14. 

Generators vibrate during operation 
and must have bushings installed to pro- 
tect the conductors from damage from 
sharp edges. There are also requirements 
for overcurrent protection, nameplate 
markings, guarding of live parts, and 
installation of a generator disconnect 
switch to de-energize circuits the gener- 
ator supplies. 


Transfer Switches 

A transfer switch is a device used to 
transfer electrical power back and forth 
between two power systems or buses. А 
transfer switch is installed to provide an 
automatic and immediate connection to 
an alternate AC power source (typically 
a generator) in the event of the loss of the 
normal source of power. 

Transfer switches can be manual or 
automatic. An automatic transfer switch 
is a switch that automatically transfers 
electric power for a system from one 
source to another. A combination trans- 
fer switch is a switch that can function 
as either a manual transfer switch or an 
automatic transfer switch, depending on 
the mode of operation. 

Transfer switches include a sensor that 
monitors voltage levels from a utility line. 
If voltage levels decrease unexpectedly, 
an automatic transfer switch sends a sig- 
nal to automatically start the generator. 
When the generator is at rated speed, the 
transfer switch operates to disconnect 
the normal utility supply and connect 
the generator's output to the distribution 
system. This stops the power flow from 
the utility line and draws power from the 
generator. After the utility power has been 
restored and is stabilized, the transfer 
switch can be either operated manually 
or can automatically transfer power back 
to the normal utility source. 
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Figure 10-14. Stationary generators are permanently installed as part of an emergency 


back-up power system. 


Bus or power transfer switches are often 
used with dual-bus power systems. A bus or 
power transfer switch is a switch that is used 
to monitor equipment attached to a utility 
line and switch the power source automat- 
ically if the primary source of current fails. 

Selecting transfer switches requires an 
analysis of product specifications, appli- 
cations, and certifications and approvals. 
Product specifications for transfer switches 
typically include number of poles, current 
rating (amperes), voltage rating (VAC), 
return-to-utility time (sec), dimensions 
(in.), and weight (Ib). Transfer switches are 
installed in any area that requires back-up 
power systems including manufacturing, 
material-handling, and health care facilities. 


HEALTH CARE FACILITY 
INSTALLATIONS 


A health care facility is a location, either a 
building or a portion of a building, that con- 
tains occupancies such as hospitals, nursing 
homes, limited or supervisory care facilities, 
clinics, medical and dental offices, and 
movable or permanent ambulatory facilities. 
Examples of health care facilities include 
doctor's offices, dentist's offices, hospitals, 
outpatient facilities, rehabilitation centers, 
and nursing homes. Other similar facilities 
not listed may also meet the criteria for health 
care facilities. Health care facilities can be 
permanent or movable. 

Health care facilities typically have dif- 
ferent wiring installation requirements than 
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standard commercial and industrial installa- 
tions. For example, grounding and bonding 
requirements are increased to protect persons 
whose resistance to electrical shock can be 
lowered. Health care facilities have dedicated 
emergency back-up power systems because 
a temporary loss of electrical power can 
cause the loss of human life. Because most 
health care facilities have loads needed for 
life, health, and safety, they require the use 
of essential electrical systems. 

The specific wiring and installation re- 
quirements for health care facilities do not 
apply to certain areas in a facility. For ex- 
ample, an office building may contain both 
medical (doctor's) offices and nonmedical 
offices. Wiring and installation requirements 
can also apply only to certain portions of 
medical offices. 


Health Care Facility Areas 


A critical care area is an area where patients 
undergo invasive medical procedures and are 
connected to line-operated electromedical 
components. Critical care locations include 
special care units, intensive care units, cor- 
onary care units, angiography laboratories, 
cardiac catheterization laboratories, delivery 
rooms, and operating rooms. 

A patient care area is an area in a health 
care facility where patients are examined or 
treated. Patient care areas include operating 
rooms, emergency rooms, special procedure 
rooms, and nurseries. A patient bed area is an 
area that has one or more inpatient sleeping 
beds. Patient bed areas include private hospital 
rooms, medical procedure recovery rooms, 
patient staging areas, and beds or procedure 
tables used in critical patient care areas. 


lamper-Resistant receptacles and Covers 


Most hospitals use hospital-grade, tamper-resistant receptacles 
or tamper-resistant receptacle covers. Tamper-resistant recep- 
facles have an infernal mechanical shutter system that prevents 
the insertion of foreign objects into the receptacle. Insertion of a 
foreign object into any one side of a receptacle does not open the 
protective shutter and prevents contact with energized receptacle 
contacts. These types of receptacles are required in bathrooms, 
playrooms, activity rooms, and patient care areas of pediatric 
wards fo prevent accidental contact with receptacles by children. 


A general care area is an area that in- 
cludes examining rooms, treatment rooms, 
clinics, and similar areas in which a patient 
can come in contact with ordinary applianc- 
es. Electrical equipment installed in such 
areas includes nurse call systems, electrical 
beds, examining lamps, telephones, and en- 
tertainment equipment. Receptacles in these 
areas supply equipment that could come in 
direct contact with the patient. 


Steel Tube Institute 
Hospital operating rooms are examples 
of critical care areas. 


Essential Electrical Systems 


Certain equipment in health care facilities 
can never be without power. In the most 
severe cases, the life and safety of individ- 
uals can be affected. Orderly shutdown of 
processes must occur, some lighting must 
be provided in emergencies, and certain 
receptacles must be able to receive power. 
Therefore, health care facilities typically 
require the installation of emergency 
back-up power systems. An emergency 
back-up power system is a system of 
circuits and equipment used to supply 
alternate power to certain circuits and 


equipment that protect life and safety. The 
alternate power source is typically one or 
more permanently installed generators. An 
automatic or combination transfer switch 
is used to transfer power between normal 
and alternate sources. 

Alternate power sources are not typical- 
ly large enough to supply the entire facility, 
so the distribution system is divided to give 
priority to the most important circuits. 
The distribution system is divided into 
nonessential and essential systems. See 
Figure 10-15. The nonessential system is 
supplied only by the utility and serves loads 
that can tolerate loss of power without 
endangering patients, such as general light- 
ing, lab equipment, and certain receptacles. 

An essential electrical system is the part 
of a health care facility's electrical distribu- 
tion system that is supplied by both normal 
and alternate sources of power. Essential 
electrical systems are designed to provide 
continuity of electrical power to the most 
important areas and functions of a health 
care facility during disruption of normal 
power sources. An essential electrical 
system consists of a life safety branch, a 
critical branch, and an equipment branch. 

A life safety branch is a branch of an 
electrical distribution system that supplies 
systems related to occupant safety in the 
case of an emergency. The life safety 
branch includes feeders and branch circuits 
to power emergency lighting, exit signs, 
alarms, communication systems, elevators, 
automatic doors, and lighting and support- 
ing loads at the generator set location. 

A critical branch is a branch of an 
electrical distribution system that supplies 
selected systems related to patient care. The 
critical branch supplies power to task light- 
ing, fixed equipment, selected receptacles, 
and special power circuits necessary to 
continue diagnosing and treating patients. 
For receptacles in patient bed areas, at least 
two branch circuits are required, one from 
the critical branch and one from the normal 
system. Also, at least one of the critical 
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An equipment branch is a branch of an 
electrical distribution system that supplies 
systems related to facility operation. Most 
of the loads supplied by an equipment 
branch аге 480 V, 36. Loads supplied by 
the equipment branch include facility me- 
chanical and electrical equipment, such 
as air handlers, chillers, and compressed 
air. In some cases, the connection of the 
equipment branch to the alternate power 
source is delayed to allow the other two 
essential branches to receive power first. 


Generator installation is specific for 
each type of application. However, 
the general practices of performing 
work in a neat and workmanlike 
manner, properly identifying and 
terminating conductors, and proper 
grounding and bonding apply. Care- 
fully review drawings, project docu- 
mentation, NEC? requirements, and 
manufacturer's specifications prior 
to installing permanent generators. 
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Figure 10-15. An essential electrical system uses an automatic transfer 
switch to transfer power between normal and alternate sources. 


branch circuits cannot supply any other 
areas except for that one bed area. 
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Wiring Installation Requirements 


Wiring installations in health care facilities 
have special requirements, as provided in 
NEC® Article 517. For example, patient bed 
locations require a minimum of 8 hospital- 
grade receptacles in general care areas and 14 
in critical care areas. 


Grounding Requirements. Health care fa- 
cility installations must also exceed normal 
requirements for minimizing electrical haz- 
ards because there are greater opportunities 
for electric shock. Patients may be connected 
internally to electrical components, which 
makes them particularly vulnerable to electric 
shock hazards (as opposed to more typical 
shock accidents in which only a victim's 
external body part contacts an energized com- 
ponent). Wiring installations must maintain 
a low potential difference between exposed 
conductive surfaces that are likely to become 
energized and come in contact with a person. 

Special grounding and bonding require- 
ments exist in certain areas of health care 
facilities. A redundant grounding system is 
a wiring system that requires two separate 
grounding paths for fixed electrical equip- 
ment and receptacles in patient care areas. 


To perform redundant grounding on 
equipment, two separate EGCS are installed 
for receptacles and equipment in patient 
care areas. An insulated copper conductor 
used as an EGC provides one path for 
ground-fault current and must be installed 
in a metal raceway. The metal raceway 
functions as an additional EGC. Cable types 
such as MI, MC, or AC can be used for 
redundant grounding because they have an 
outer metal armor that provides a grounding 
return path. See Figure 10-16. 


The NEC? requirements for health care 
facilities are even more stringent than 
those for most other facilities. This is 
due fo their significant electricity us- 
age and large loads, along with the 
vulnerability of the facility occupants. 


Receptacles installed in most wet areas 
of health care facilities must be GFCI 
protected. However, in critical care areas, 
receptacles located where the toilets and 
basins are installed within the same room 
are not required to be GFCI protected be- 
cause patients in these areas are considered 
to be bedridden and do not have access to 
bathrooms. Other bathrooms in the facility 
require GFCI protection. 

For certain installations, the trip function 
of a GFCI receptacle cannot be tolerat- 
ed, as it could interrupt power to certain 
equipment in critical care areas, but these 
installations must still be able to prevent 
electric shock from ground faults. An iso- 
lated power system reduces the possibility 
of electric shock by reducing the potential 
to ground of the ungrounded conductors. 
An isolated power system is a system that 
consists of an isolating transformer, a line 
isolation monitor, and ungrounded circuit 
conductors. An isolated power system is 
installed and operated as an ungrounded 
electrical system. Isolated power systems 
provide protection to personnel while mini- 


Automatic standby generators can be used to provide power to a 
facility in the event of a power outage. 


mizing the results of a loss of power created 
by the operation of a GFCI. 
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Essential Electrical System Require- 

ments. Installation of essential electrical 

systems often requires additional effort 
during the installation portion of the proj- 
ect because additional conductors, race- 

Ways, and equipment must be installed. 

Wiring for essential electrical systems 

must be kept separate from the wiring of 

other systems and equipment. Essential 
electrical system wiring must also be 
protected from physical damage. Only 

nonflexible metal raceways and Type MI 

cable are used for essential electrical sys- 

tem installations. Exceptions to essential 
electrical system requirements include the 
following: 

* transfer equipment enclosures, such as 
where both the normal and alternate 
power supplies enter an enclosure 

* exit or emergency luminaires, most of 
which are supplied by both normal and 
alternate power 

* common junction boxes supplying lu- 
minaires from both normal and alternate 
Sources 

* fortwo or more emergency circuits sup- 
plied from the same branch circuit 


RENEWABLE ENERGY SYSTEM 
INSTALLATIONS 


A renewable energy system is a system 
for the production of useful energy from a 
source that is not depleted. This is in con- 
trast to fossil fuel energy, which is available 
in a finite amount that is gradually being 
depleted. Besides being essentially limitless 
in availability, renewable energy is also bet- 
ter for the environment, as there is little to 
no pollution or greenhouses gas emission. 
Renewable energy systems can be installed 
as part of a facility's electrical system. 


Installer Certification 

Installing renewable energy systems may 
require special training and certification 
in some jurisdictions. Renewable energy 
systems have unique characteristics and 
hazards and are subject to special code and 


installation requirements. There are also 
many different ways in which renewable 
energy systems can be incorporated into a 
facility's electrical distribution system, so 
installers must be well-versed in the config- 
urations, technologies, and requirements. 
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Figure 10-16. Redundant grounding is required in most locations within 


health care facilities. 


Certification may be in the form of a 
state-issued license or a proof of certi- 
fication from a third-party organization. 
These options typically require both class- 
room study and field experience, followed 
by a certifying examination. There are 
organizations that provide curriculum, 
training, and certification, though these 
may not be accepted by all jurisdictions. 
The installer must ensure that their cer- 
tification program complies with their 
jurisdiction's requirements. 
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Renewable Energy Sources 


There are many types of technologies for 
extracting energy from renewable sources. 
Although many technologies are being 
developed and studied, only a current few 
are efficient enough to be practical ener- 
gy-producers at a reasonable scale. Of these 
current few, only solar and wind power, in 
the form of solar photovoltaics and wind 
turbines, are found in commercial and in- 
dustrial facilities, though wind power is still 
not common. See Figure 10-17. 


Solar Photovoltaics. A solar photovoltaic 
(PV) system is a system that uses the unique 
properties of certain types of semicon- 
ductors to directly convert solar radiation 
into electricity. Solar energy can also be 
exploited to produce heat energy for various 
uses, but electricity is the most common and 
versatile form of energy. 


WIND TURBINES 


Northern Power Systems, NREL 26782 


Figure 10-17. The most common types 
of renewable energy systems for com- 
mercial and industrial facilities are solar 
photovoltaics and wind turbines. 


The basic unit of a solar PV system is a 
module. Sunlight hitting the surface of a PV 
module causes electrons to move, generat- 
ing a small DC current at a small voltage. 
To produce a practical amount of electricity, 
a large number of modules are connected 
together as a PV array to build both voltage 
and current. Typically, an inverter is then 
used to convert the electricity to AC voltage 
that is usable by common loads. An inverter 
is an electrical device that converts DC 
voltage to AC voltage. 

In commercial and industrial facilities, 
a flat rooftop is typically the ideal location 
for the PV array. The tilt angle and direction 
of a module affects its ability to produce 
electricity, so the mounting arrangement is 
important, but optimal orientations are not 
always possible. Designers have to balance 
the electrical output with the risk of wind 
and other damage to highly tilted modules. 


Wind Turbines. A wind turbine is a de- 
vice that harness wind energy to product 
electricity. As wind rotates the blades of 
a wind turbine, the resulting mechanical 
energy goes through a transmission to a 
generator, which produces AC voltage. 
However, depending on the wind speed, the 
frequency of this AC voltage output could 
vary significantly. In some cases, the AC 
output is changed to DC and then converted 
back to AC at 60 Hz by an inverter. These 
conversions reduce the overall efficiency of 
the system. Alternatively, for a system that 
is connected to the utility, the stable 60 Hz 
frequency of the utility's electricity can be 
used to energize certain generator windings 
and cause the generator output to maintain 
a steady 60 Hz output. 


System Configurations 


Although renewable energy systems can 
be used alone to completely power a resi- 
dence, it is nearly impossible for a system 
to be large enough to power a commercial 
or industrial facility alone. However, de- 
pending on the circumstances, it may be 
very practical to use these systems as a 
supplemental power source to utility power. 


Supplemental renewable energy systems 
are utility-interactive systems that may or 
may not include a battery back-up portion. 


Utility-Interactive Systems. A utility- 
interactive system is a renewable energy 
system that operates in parallel with, and 
is connected to, the electric utility grid. 
See Figure 10-18. In a utility-interactive 
system, the electricity from the PV array 
is conditioned through an inverter to a 
compatible voltage and added to a facility's 
power distribution system through a main 
panelboard. 

A special feature of utility-interactive 
systems is that if the renewable energy 
system produces more electricity than is 
needed by the facility (such as on week- 
ends), the electricity flows back out onto 
the grid. Facilities that expect a significant 
amount of electricity to be exported can 
make arrangements with the utility to be 
paid for that electricity, as it is then used 
by other utility customers. Net metering 15 
a metering arrangement where any excess 
energy exported to the utility is subtracted 
from the amount of energy imported from it. 


Utility-Interactive Systems 


WIND TURBINE 


Figure 10-18. Utility-interactive systems are connected to a facility's electrical system in parallel with the utility 


power source. 
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A utility-interactive system typically has 
no on-site energy storage. If the utility power 
source connection fails, then the inverter 
must shut down to avoid islanding. /slanding 
is the undesirable condition where a local 
power source continues to transfer power to 
the utility grid during a utility outage. See 
Figure 10-19. Shutting down the inverter 
prevents any utility worker from being 
shocked when unexpected voltage on the 


lines while trying to restore power. 


Battery Back-Up Systems. A battery back- 
up system is a utility-interactive renewable 
energy system that switches to a stand-alone 
mode in the event of a utility outage. See 
Figure 10-20. In normal operating con- 
ditions, the system keeps a fully charged 
battery bank while providing supplemental 
power to the facility and, if possible, ex- 
porting electricity. When the system is in 
stand-alone mode, the inverter disconnects 
from the utility system at the main panel 
and instead supplies AC power to only a 
separate panel. The inverter draws power 
from the renewable energy source and, if 
needed, from an on-site battery bank. 


INTERACTIVE 
INVERTER 


AC POWER 
DISTRIBUTION PANEL 
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Figure 10-19. During а 
utility outage, an island- 
ing inverter can energize 
the utility lines around 
а facility through a re- 
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Figure 10-20. A utility-interactive system with battery back-up can continue to supply power to critical loads in 


the event of a utility outage. 


Battery banks are large and heavy, 
and they require maintenance and special 
storage conditions. Therefore, they are not 
usually practical for significant energy stor- 
age, such as the energy storage needed for 
an entire commercial or industrial facility. 


However, it is feasible to design a system to 
provide power to small critical loads during 
a power outage. Renewable energy sources 
and battery banks must be carefully sized in 
order to sufficiently supply the critical loads 
for the necessary amount of time. 


Wiring Installation Requirements 


The NEC? include special requirements for 
renewable energy systems. Solar photovol- 
taic systems are covered in Article 690 and 
wind electric systems are covered in Article 
694. These articles include conductor and 
OCPD requirements, disconnecting means, 
grounding, labeling, and connection to other 
systems. See Figure 10-21. Depending on 
the type of renewable energy systems, other 
special requirements may also be applicable. 
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Some renewable energy systems 
avoid the efficiency loss of an inverter 
by utilizing DC power directly. Some 
types of loads are available in DC 
versions, though typically they are 
relatively small. A DC power distribu- 
tion system also requires conductors, 
devices, receptacles, and other com- 
ponents fo be specifically tested and 
rated for DC power. 
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SOURCE CIRCUIT 
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Figure 10-21. The installation wiring of a renewable energy system includes many special code-related requirements. 
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Conductor and OCPD Requirements. 
Since the renewable power source outputs 
are variable, the NEC? requires special cal- 
culations to determine the maximum pos- 
sible voltage and current from the sources 
and from the inverter (if applicable). These 
specifications are then used to determine the 
proper conductor and OCPD sizes. Since 
some conductors are outside, temperature 
factors must be applied. Exposure to sun- 
light and moisture outside also affects the 
allowable conductor insulation types and 
wiring connections. Terminations must be 
protected from the outside environment to 
prevent corrosion, loosening of connec- 
tions, and intrusion by insects or other pests. 


Disconnect Requirements. Since there 
is always potential for some electricity to 
be produced by either PV arrays or wind 
turbines, there are special requirements for 
safely disconnecting certain parts of the 
system. Disconnecting means are required 
in multiple parts of the circuit, some of 
which must be readily accessible, and 
information signs must clearly show their 
locations. Overcurrent protection is also 
required in multiple places. In some cases, 
circuit breakers can be used to satisfy both 
requirements. 


Grounding Requirements. Nearly all electri- 
cal systems require grounding. In the case of 
solar PV systems, there are both DC and AC 
circuits, and typically both must be grounded 
in some way. (There are some exceptions to 
the grounding requirement.) The NEC? allows 
different options for properly grounding both 
the grounded conductor and the equipment 
grounding system. See Figure 10-22. Addi- 
tionally, renewable energy system may also 
require special protection devices and ground- 
ing for lighting strikes, since they have outdoor 
and elevated components. 


Labeling Requirements. Having an on-site 
power source in addition to the utility service 
adds an additional hazard to personnel, partic- 
ularly to those not familiar with the facility's 
electrical system. The NEC® requires labeling 
in multiple locations, usually in conjunction 
with disconnects, to explain the system type 
and allow personnel to know how to quickly 
and safely isolate the system from the rest of 
the facility if needed. 


Utility Interconnection Requirements. A 
proper connection of the renewable energy 
system to the facility's electrical distribution 
system is critically important. Several stan- 
dards and NEC? Article 705 apply. The ad- 
ditional power source must be matched to the 
utility service, provide good power quality, and 
have anti-islanding functions. Some changes 
to the facility wiring, such as oversized neu- 
trals, may be necessary. 

The NEC? permits interconnections on 
either the load side or the supply side, with spe- 
cial considerations for each type. See Figure 
10-23. For example, a load-side connection re- 
quires that the equipment have certain current 
ratings and requires circuit breakers capable 
of being back fed. Large renewable energy 
systems are typically connected on the supply 
side. All equipment on this side must be rated 
as service equipment and have the appropriate 
disconnect and OCPD for services. 

Ineither case, a different type of meter or an 
additional meter, may need to be installed by 
the utility to facilitate the exporting of energy 
(electricity). Even if the exporting of electricity 
is not expected, the facility must typically have 
an interconnection agreement with the utility 


The installation of a renewable energy system, such as a PV system, 


to cover the technical and liability aspects of 
involves a variety of mounting and electrical installation tasks. 


being an independent power producer. 
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AC and DC Grounding Methods 
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SUMMARY 


As commercial and industrial wiring 
projects progress, the electrical power 
needs of the project changes. It is the job 
of technicians, in addition to installing the 
permanent wiring of the project, to install, 
maintain, and remove temporary power 
wiring and equipment. Special precautions 
must be taken when installing temporary 
feeders and branch circuits. The proper-size 


conductors and cables must be installed, and 
conductors in temporary applications can 
require additional protection from physical 
damage. Technicians must often ensure that 
GFCI protection is used, and verify that 
assured equipment grounding conductor 
program (AGP) checks are completed on 


extension cords and portable tools. 


Hazardous (classified) locations have 
many specialized wiring applications. 


Figure 10-22. The NEC? 
specifies two methods 
for grounding systems 
with DC circuits. In both, 
the DC grounding system 
and the AC grounding 
system are connected 
together with a bonding 
conductor. 
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` t Utility Interconnection 
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Figure 10-23. Renewable energy systems can be connected to a 
facility's electrical system on either the supply side or the load side. 


Certain areas are classified into one of three 
classes based on the hazardous materials 
available. Each class is further subdivided 
into two divisions, based on the likelihood 
of the hazards present. The zone classi- 
fication system is a separate system for 
classifying hazardous locations and cannot 
be interchanged with the class/division 
system. No matter the system in use, tech- 
nicians must be prepared to install seal 


fittings in conduit, explosionproof appara- 
tus, dust-ignition-proof apparatus, purged 
and pressurized systems, gas detection 
systems, and intrinsically safe systems. 

Portable and mobile generators are used 
on commercial and industrial projects early 
in the construction phase. Commercial and 
industrial wiring technicians must connect 
power to and maintain generators. Depend- 
ing upon project requirements, stationary 
generators can be installed. These instal- 
lations require installation of several types 
of systems including transfer switches and 
associated controls. 

Health care facilities require additional 
electrical installation work beyond what 
is typically required in a non-health care 
facility. Requirements vary from critical 
care areas, patient care areas, and gen- 
eral care areas. Redundant grounding 
systems, isolated power systems, and 
back-up power systems must be installed. 
Branch-circuit wiring requirements vary 
in different locations of the facility and 
require the installation of hospital-grade 
and tamper-resistant receptacles. 

Renewable energy systems may be 
connected to commercial or industrial 
facilities as supplemental power sources. 
These systems require many additional re- 
quirements in a number of different parts 
of the systems, especially considering 
their interconnection with the existing 
power distribution system. 


Review Questions 


Name Date 


Multiple Choice 


1. A. material is a material that is subject to easy ignition and capable of rapid flaming. 
A. vapor 
B. combustible 
C. flammable 
D. dust 


2. Thetime required for sealing compounds to dry and harden varies, but typically averages 
about ^X minutes. 
A. 30 
B. 60 
єой 
D. 120 


3. The basic unit of a solar PV system is a(n)__. 
A. array 
B. module 
C. inverter 
D. charge controller 


4. Service drop conductors (under 600 V) must have a(n) — 'clearance over public streets, 
alleys, roadways, parking areas subject to truck traffic, and nonresidential driveways. 
A. 6 
B. 10 
C. 18 
D. 30 


5. Most agricultural and food processing facilities are classified as Class. , Division __. 
А.Т; 1 
Bor 
СИТ 
р 
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6. 


10. 


1. 


12. 


A(n) transfer switch is a switch that is used to monitor equipment attached to а 
utility line and switch the power source automatically if the primary source of current 
fails. 

A. automatic 

B. bus or power 

C. combination 

D. equipment 


. A(n) apparatus receives a continuous flow of clean air through equipment. 


A. explosionproof 

B. purged and pressurized 
C. dust-ignition-proof 

D. intrinsically safe 


. Holiday decorative lighting can be installed for a period of days only. 


A. 30 
B. 60 
C. 90 
D. 120 


. Areas directly adjacent to Class I, Division 1 areas are normally classified as Class — , 


Division. locations. 
А.Т; 1 
Eu 
Crile I 
D. I; 1 


A(n). — program is a written procedural program of tests used to verify the integrity of 
the EGC in receptacles used in temporary power, extension cords, and portable corded 
power tools. 

A. assured equipment grounding conductor 

B. conductor integrity 

C. equipment grounding conductor testing 

D. ground-fault test 


A(n) grounding system is a wiring system that requires two separate grounding 
paths for fixed electrical equipment and receptacles in patient care areas. 
A. emergency 


B. health care facility 
C. hospital 
D. redundant 


A processing area within a paper mill is classified asa Class — , Division — location. 
AI 


В.П;2 
C. IH; 1 
DAMP? 
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13. 


14. 


15; 


16. 


17. 


18. 


19. 


Most portable tools commonly use — V, — -phase power. 
A. 120; single 
B. 120; three 
C. 208; single 
D. 480; three 


Conductors from a generator to the first distribution device containing overcurrent 
protection must be sized at 96 or more of the nameplate amperage rating of the 
generator. 

A. 100 

B. 103 

C. 110 

DANS 


A ___ isa classification for an atmosphere that contains a certain type of flammable 
material. 

A. class 

B. division 

C. group 

D. location 


Voltage drop from the beginning of the branch circuit to where the load receives its 
power must be no more than. 96. 
A. 2 


В.З 
С. 5 
D. 8 


A(n) ___ branch is a branch of an electrical distribution system that supplies systems 
related to occupant safety in the case of an emergency. 

A. critical 

B. equipment 

C. essential 

D. life safety 


... is the undesirable condition where a local power source continues to transfer power 
to the utility grid during a utility outage. 

A. Islanding 

B. Net metering 

C. Supplementing 

D. Interconnecting 


Most permanently installed generators supplying industrial facilities are rated ___MW 
or higher. 
А. 2 


Bo 
CTO 
D. 20 
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Completion 


20. A(n) __ system is a renewable energy system that operates in parallel with, and is 
connected to, the electric utility grid. 
A. islanding 
B. solar photovoltaic 
C. utility-interactive 
D. battery back-up 

1. A(n) plug that is used on high-wattage appliances and devices that operate on 230 V 
or 460 V. 

2. In a Class I, Division 1 location, threaded connections must be engaged with at least 
____ standard tapered threads. 

3.  . and  apparatuses are designed and constructed to receive a continuous flow of 
clean air through equipment or to receive clean air or inert gas to maintain a positive 
pressure inside the equipment. 

4. A(n)___ circuit is a circuit in which a spark or heat generated by the circuit is insufficient 
to cause ignition. 

5. A(n) 3 is an electrical component that rectifies 120 VAC into the appropriate level 
of DC voltage for charging portable batteries. 

6. A(n) power system provides protection to personnel while minimizing the results 
of a loss of power created by the operation of a GFCI. 

7. A(n)___ is an electromechanical device that converts mechanical energy into electrical 
energy by means of electromagnetic induction. 

8. A(n) q extension cord is designed for commercial and industrial use. 

9. A(n) generator is a generator that is permanently installed as part of a standby or 
emergency back-up power system. 

10. A(n). switch is a device used to transfer electrical power back and forth between 
two power systems or buses. 

11. AGP tests must be performed at intervals not exceeding — months. 

12. A(n)___is a material specifically designed for installation in conduit fittings to expand 


14. 
15. 


and fill the area around conductors to prevent the flow of gases or vapors through the 
conduit past the fitting. 


. A(n) area is where patients undergo invasive medical procedures and are connected 


to line-operated electromedical components. 
A(n) ___ material is subject to easy ignition and capable of rapid flaming. 


A(n) installation is a nonpermanent installation of electrical lighting and power 
systems during construction, remodeling, maintenance, repair, or demolition of 
buildings, structures, and equipment. 
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16. 


17: 


18. 


19. 


20. 
21. 


22. 


23. 


24. 


25. 


A(n) grounding system is used for added protection from electrical shock hazards 
for patients in health care facilities. 


A(n) tool has a plastic outer case that forms a second, protective outer insulation 
layer for protection from electrical shock. 


A(n) generator is a hand-carried generator that can easily be moved from one 
location to another. 


A(n) apparatus is designed to ensure that arcs that occur within an enclosure do 
not ignite dust in the surrounding atmosphere or on the exterior of the enclosure. 


A(n)____ is used to protect cables and cords routed over floors from foot and vehicular traffic. 


Hard-usage extension cords are identified per the NEC? by a(n) * —. ," where a type 
letter designation and other information is printed on the extension cord's outer jacket. 


A(n) . is an area containing highly flammable or combustible products, vapors, or 
fumes. 

A(n) X apparatus is designed to allow sufficient cooling of explosive gas upon its 
escape such that the gas cannot ignite the surrounding atmosphere. 

A(n) X system is a system installed to monitor and control electrical systems and 


equipment in hazardous locations and to warn of the presence of hazardous gas. 


A(n) ___ branch is a branch of an electrical distribution system that supplies selected 
systems related to patient care. 


A conduit seal is a fitting inserted into conduit to isolate certain electrical apparatuses 
from atmospheric hazards. 


There are four groups listed in Class I (A, B, C, and D), three groups listed for Class 
II locations (E, F, and G), and two groups listed for Class III locations (H and J). 


An inverter converts AC power to DC power. 


Stationary generators must be installed in a room where fresh air can be regularly cir- 
culated and exhaust fumes can be discharged or outdoors in a weatherproof enclosure. 


. Anessential electrical system consists of a life safety branch, a critical branch, and an 


equipment branch. 


. Trees can be used to support temporary service conductors. 


Mineral-insulated, metal-sheathed cable can be used in Class I, Division 1 locations. 
Test results from an AGP must be recorded and are subject to inspection by the AHJ. 


Class III, Division 2 locations have easily ignitable fibers or particles normally present 
in sufficient quantities to produce ignition or explosion. 
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Short Answer 


18. 
19. 
20. 
21. 
22. 


Some temporary wiring installations eventually become part of a permanent installation. 


. A sealing compound is a material placed in the sealing fitting of a conduit to provide 


the structural bottom for liquid seal material as it is poured into the fitting. 


. A portable generator is vehicle mounted and is moved on wheels or rollers. 
. Cables types such as MI, MC, or AC can be used for redundant grounding systems. 


. Temporary wiring used for construction purposes can remain in place for the duration 


of the project. 


. A critical care area is an area in a health care facility where patients are examined or 


treated. 
A combustible material is a material that can ignite and sustain a flame. 


When tests are performed on GFCIs, the specific GFCI tested, test date, and test results 
must be recorded by the technician and maintained for future reference. 


Class II, Division 1 locations require the use of RMC, IMC, or MI cable. 

Diesel fuel has a shorter shelf life than gasoline. 

Temporary wiring installations do not need to include protection from ground faults. 
Temporary wiring installations must be approved by the AHJ. 


А stationary generator is a generator that is permanently installed as part of a standby 
or an emergency back-up power system. 


. Receptacles for use on construction sites can be installed on branch circuits that supply 


temporary lighting. 


. Applications that require the use of purged and pressurized equipment are where non- 


explosionproof motors are installed in Class I locations. 


. Double-insulated tools do not have an EGC to attach to the outer case. 


1. List seven examples of Class I, Division 1 locations. 
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2. List four cable types that can be installed in Class I, Division 2 locations. 


3. List nine installation factors that must be known to get approval from the AHJ for temporary wiring. 


4. List four methods used for protection from ground faults in temporary power installations. 


5. List the most common tests performed for an assured equipment grounding conductor program (AGP). 
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Hard-Usage Extension Cord Markings 


. Fillers 

. Flexible bare copper conductors 
Maximum rated voltage 

. Number of conductors 

. Oil-resistant PVC jacket 

. PVC insulation 

. Separator 


. Size 


1 
2 
3; 
4 
5 
6 
7 
8 
9 


. Type designation 


етра g 


Conduit Seal Types 


1. Vertical female 


2. Vertical or horizontal male and female 


3. Vertical male and female 


Describe the types of systems using 
structured cabling. 


Identify the types of structured ca- 
Hing and cabling-applications 


Describe the types of locations for a 
structured cabling system and each 
locotion's purpose 


identify the primary instadation re 


quirements for structured cabling 
pathways and backboards 


Identify the primary requirements for 
routing structured cabling. 

Describe general termination proce- 
dures for structured cabling 
Describe the Common components 
of a fire alarm system and the ways 
they are connected into circuits. 


Describe how components are wired 
together for fire alarm circuits 


A structured cabling system is a system of 
cables, conductors, and support equipment 
used to network communication, data, and 
video systems within a facility. Depending 
upon the project, commercial and indus- 
trial wiring can require the installation 
of structured cabling system components 
such as basic telephone system wiring or 
more complex voice, data, and video sys- 
tems. Modern structured cabling systems 
usually interface with digital telephone, 
computer networking, fire and security, 
and other related building control systems. 
Various structured cabling codes and stan- 
dards apply. 


Ctr реф тг 


Basic analog telephone systems are typically 
not installed in modern facilities. However, 
understanding how an analog system works 


Commercial and industrial wiring has changed over time to 
meet industry requirements and applications. The develop- 
ment of more complex telephone systems, computer net- 
working, and fire alarm and security systems has broadened 
the work responsibility of technicians. Technicians working with 
more traditional electrical distribution wiring now often perform 
tasks once performed only by specialized technicians. Various 
aspects of telecommunications circuits such as telephones, 
computer networks, and fire alarm systems form the area 
of commercial and industrial wiring referred to as structured 


cabling systems. 


helps with understanding modern, more 
sophisticated systems. Modern facilities 
encompass the latest technology available 
for structured cabling systems. 


Telephone Systems. Telephone systems are 
among the oldest form of voice communica- 
tion. Plain old telephone service (POTS) is 
hard-wired telephone service that provides 
service to single-line telephone systems. 
The major components of a POTS system 
include a single pair of telephone conduc- 
tors, a power source, and telephones with 
handsets. The tip conductor is the positive 
conductor in a pair of telephone wires. The 
ring conductor is the negative conductor 
in a pair of telephone wires. POTS lines 
can only be used to receive and place calls. 
Features such as call-waiting or third-party 
calling are not possible on a POTS line 
because the older telephone components 
and cabling are not compatible with the 
digital electronic equipment that support 
those features. 
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A 48 VDC power source provides cur- 
rent to flow in a loop. Loop-start wiring 
is wiring that uses a single pair of wires to 
connect a power source and telephone(s). 
As the power source causes current to flow 
in the loop, the current is modulated by the 
voice signal from the microphone in one 
telephone handset and excites the earphone 
in the opposite telephone handset. 

Talking into a telephone handset produc- 
es an analog signal over telephone lines. 
An analog signal varies in amplitude and 
frequency based on the sound that is made 
into the telephone handset. Each telephone 
handset contains a transmitter and a receiver. 
A handset transmitter is a transmitter that 
converts sound pressure waves into a mod- 
ulated current signal. A handset receiver is 
a receiver that converts a modulated current 
signal into sound waves. POTS termination 
procedures require basic wiring techniques. 
Each outlet has its own home run wiring 
(one telephone outlet cannot be tapped from 
the other telephone outlet). See Figure 11-1. 

While such systems are reliable and 
formed the beginnings of the modern tele- 
communications industry, they have become 
limited in use in most applications. Because 
of the inability of POTS to meet changing 
telecommunication requirements, more 
complex systems have been developed. 


Telecommunications Systems. The tech- 
nology of telephone systems, individual 
components, and installation techniques 
has changed to accommodate the evolving 
requirements of a modern commercial 
facility. Modern communication systems 
combine telephone communication systems, 
computer systems, and other building data 
transmission systems together into one 
installation. Telecommunications is the 
branch of technology that deals with the 
transmission, emission, and reception of 
information by way of signals through cable, 
radio, optical, or electromagnetic means. 
Modern telecommunications systems 
use large, complex systems that contain 
multiple telephone lines within one facility. 
A key telephone system (KTS) is a telephone 


system that has multiple buttons requiring 
the user to directly select central office 
telephone or intercom lines. A KTS prevents 
another user from using a telephone exten- 
sion line that is already in use. A private 
branch exchange (PBX) telephone system 
is a telephone system with programmable 
features to accommodate large commercial 
installations. 

Technicians can be required to install 
various computer networks and systems. A 
local area network (LAN) is a short-distance 
data communication network for a specific 
user group throughout a group of inter- 
connected computers that share common 
applications, data, and peripheral devices. A 
LAN is used to link computers and periph- 
eral devices such as printers, fax machines, 
and modems over short distances such as in 
office buildings or campuses. 

A digital subscriber line (DSL) is a 
telecommunications line that provides the 
ability to combine current analog telephone 
signals with high-speed digital computer 
services. An integrated services digital 
network (ISDN) is a telecommunications 
network that allows for both voice and data 
communication through use of the same 
facility. Technicians must understand that 
installation of DSL or ISDN networks in- 
cludes both data and voice communication 
system wiring at the same time. For exam- 
ple, both computer network data connectors 
and telephone connectors are wired into the 
same outlet box. 


Other Structured Cabling Systems. In 
addition to telephone and voice systems, 
commercial and industrial facilities require 
other structured cabling systems such as 
security systems and fire alarms. Additional 
wiring from security systems or fire alarms 
can interface with telecommunications cir- 
cuitry or can be on a dedicated line. Security 
cameras transmit video transmissions, and 
fire alarm systems must not only detect and 
alert personnel to a fire, but can be required 
to transmit data to remote locations and 
automatically operate facility equipment, 
such as sprinkler systems. 
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Figure 11-1. The major components of a POTS system include a single pair of telephone conductors, a power 


source, and telephones. 


A building automation system (BAS) 
is an electrical system that automatically 
controls one or more specific facility func- 
tions. A BAS controls functions such as 
heating, cooling, and ventilating (HVAC), 
lighting, security, process control, and fire/ 
heat detection and alarm. See Figure 11-2. 
Complete installation of a BAS structured 
cabling system requires the installation of 
sensors for monitoring various parameters, 
interconnection wiring, and electronic 
equipment for control. Although most of the 
equipment operated by a BAS is installed 
with standard electrical conductors, the 
control systems are installed with structured 
cabling. 

The interruption of operation of any 
structured cabling systems in commercial 
and industrial facilities is not only an incon- 
venience, but can breach security and place 
the facility and personnel in potentially 
life-threatening situations. System design 
is carefully planned and each system must 
be installed in accordance with NEC? re- 
quirements and standard practices. 


DIRECTION OF 
CURRENT FLOW 


< 


TELEPHONES 


Structured Cabling Codes and 
Standards 


Depending on the type of structured ca- 
bling system installed, different codes and 
standards apply. The National Fire Protec- 
tion Agency (NFPA) is a national organi- 
zation that provides specific guidelines for 
the prevention of fires. The National Elec- 
trical Code? (NEC?) is a code published by 
the NFPA that provides specific installation 
requirements for electrical systems. Specif- 
ic topics related to structured cabling codes 
and standards covered by the NEC® include 
telecommunications systems, control and 
signaling systems, fire alarm systems, 
sound systems, cable television (CATV) 
and closed-circuit television (CCTV) 
systems, and broadband systems. Local 
electrical codes and fire codes also provide 
specific guidelines that must be followed. 
Because structured cabling systems require 
components, conductors, and interconnec- 
tion of different systems, plus installation 
must be performed in accordance with 
applicable codes. 
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Figure 11-2. A BAS controls functions such as heating, cooling, and ventilating (HVAC), lighting, security, process 
control, and fire/heat detection and alarm. 


Most of the basic code requirements 
that apply to the installation of electrical 
distribution systems also apply to the in- 
stallation of structured cabling systems. 
For example, technicians must comply with 
requirements for proper approval of work 
and for work to be performed in a neat and 
workmanlike manner. Local codes and 
project specifications can also determine 
certain requirements. It is the responsibility 
of technicians to comply with electrical and 
building code requirements and to refer to 
the NEC? for proper compliance. 

The National Electrical Contractors 
Association (NECA) is a national or- 
ganization that provides support and 
standards for the electrical contracting 
industry including power, lighting, and 
communication. Major factors technicians 
must consider when installing structured 
cabling systems is that the installation is 
in conformance with applicable codes, the 
installation meets or exceeds performance 
standards for modern structured cabling 
systems, and that work is performed pro- 
fessionally and cost effectively. 


Structured cabling installations must 
comply with electrical code requirements 
just asthey would with electrical distribution 
installations. 
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Structured cabling installations must 
comply with the New Equipment 
Building System (NEBS) standard that 
covers safety and environmental 
requirements. 


NECA publishes various ANSI- 
approved standards relating to the installa- 
tion of structured cabling systems. The Tele- 
communications Industry Association (TIA) 
is a national organization that represents 
companies that provide communications 
materials, products, systems, distribution 
services, and professional services. The 
Electronic Industries Alliance (EIA) is a 
national organization for electrical and elec- 
tronics hardware manufacturers to promote 
their products. The EIA represents manu- 
facturers of components used in structured 
cabling systems. The TIA represents the 
telecommunications industry in associa- 
tion with the EIA. The TIA/EIA publishes 
ANSI-approved standards regarding the 
performance specifications of telecommuni- 
cations and electronics systems. In addition 
to complying with NEC® requirements, 
technicians must follow the recommenda- 
tions of applicable standards. 


Structured Cabling 


A structured cabling system consists of 
cable and hardware that meet industry 
standards to allow for component upgrades 
and interoperability between vendors. The 
cabling is copper or fiber optic wiring and 
associated hardware used for the distribu- 
tion of telecommunications data. Associated 
hardware includes patch cords and con- 
nectors. Cabling begins at the point from 
which the facility cabling connects to the 
service provider cabling and terminates at 
the various utilization points in the facility. 
A patch cord is a length of cable with con- 
nectors on both ends used to inter-connect 
telecommunications circuits. Patch cords 
are also used to connect cable racks in tele- 
communications room. See Figure 11-3. 
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Figure 11-3. Patch cords 
are lengths of cable with 
connectors on both ends 
used to interconnect tele- 
communications circuits. 


CABLE RACK 


VARIOUS CIRCUITS 


A copper cable is a low-voltage tele- 
communications cable that is composed 
of copper and used to transmit electrical 
current. A fiber optic cable (optical fiber 
cable) is a telecommunications cable that 
is composed of glass or plastic and is used 
to transmit pulsating light signals. Advan- 
tages of copper cabling as compared to fiber 
optic cabling include low cost and ease of 
termination. Disadvantages of copper cable 
as compared to fiber optic cable include low 
security (because it is easily spliced) and 
relative cable size. Advantages of fiber optic 
cable as compared to copper cable include 
smaller cable size, higher data transmission 
rates, high security, and clearer transmission 
signals. Disadvantages of fiber optic, as 
compared to copper cabling include high 
material and installation cost, complex 


TELECOMMUNICATIONS CABLES 


PATCH CORDS USED TO INTERCONNECT 


TELECOMMUNICATIONS 
ROOM 


termination techniques, and incompatibility 
with some structured cabling equipment. 
Installation of structured cabling systems 
requires application knowledge for copper 
cables and fiber optic cables. 

Horizontal cabling is cabling routed from 
a telecommunications room to individual 
work-area outlets. Horizontal cabling is 
typically routed frora telecommunications 
rooms to separate work areas in commercial 
and industrial facilities. Backbone cabling is 
cable and hardware used to provide intercon- 
nection between telecommunications rooms, 
equipment rooms, and entrance facilities. 
Backbone cabling typically carries the heavi- 
est telecommunications traffic and is the part 
of the system that interconnects the rooms 
containing the telecommunications equip- 
ment within a building. See Figure 11-4. 
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Figure 11-4. Horizontal cabling is typically 
routed from a telecommunications room 
to a work area while backbone cabling 
is used to provide interconnection be- 
tween telecommunications rooms and 
entrance facilities. 


Structured Cabling System Locations 


Installation of structured cabling systems 
can be divided into major areas based on 
location within the facility. The conductors 
in each location are of a special construction 
and type designed specifically for structured 
cabling systems. The locations are a logical 
division of how telecommunication sys- 
tems enter and are distributed throughout 
a facility. 


Entrance Facilities. An entrance facility 
is an entry into a structure for network ser- 
vice cables from the point where the cables 
enter the building to the entrance room or 
space. An entrance facility provides the 
cabling and devices to connect the service 
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provider or antenna system providing the 
telecommunications services to the prem- 
ises cabling system. For technicians, the 
entrance facility provides certain functions, 
including the point of demarcation between 
the service provider’s system and the fa- 
cility’s premises cabling, the location for 
electrical protective devices, and the point 
of transition from outside cabling to cabling 
for use inside the facility. 


manner. 


The four basic types of entrances for 
telecommunications wiring into an entrance 
facility are aerial, tunnel, buried, and under- 
ground. See Figure 11-5. An aerial entrance 
is an entrance that is placed overhead. An 
aerial entrance provides the easiest access 
for maintenance. A tunnel entrance is an 
entrance that provides a pathway for conduit, 
cable trays, and wireways for both communi- 
cation and power circuits. Technicians must 
verify communication circuits are complete- 
ly separated from building power circuits. 
A buried entrance is an entrance that is 
located in an underground trench with cable 
directly covered by earth. An underground 
entrance is an entrance that runs through 
conduit or pathways for out-of-sight service 
to a building. The difference between an un- 
derground entrance and a buried entrance is 
that an underground entrance uses conduit or 
another type of pathway to route conductors 
and cables. Technicians can be responsible 
for providing the trench from the building to 
the building owner's property line. 


— P 


Structured cabling should be routed in a neat and workmanlike 
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Figure 11-5. The four ba- 
sic types of entrances 
for telecommunications 
wiring into an entrance 
facility include aerial, 
tunnel, buried, and 
underground. 
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An entrance facility is typically located 
adjacent to the electrical service room. An 
entrance facility requires controlled access 
because unauthorized personnel could in- 
advertently disrupt the telecommunications 
service to an entire facility. An entrance fa- 
cility requires installation of grounding and 
bonding of systems, fire prevention equip- 
ment, firestopping barriers, data-mounting 
equipment (34” thick, 8’ high, fire-rated 
plywood), antistatic floors, dust elimina- 
tion treatments, lighting, temperature and 
humidity control equipment, pollutant and 
contaminant protection, and proper labeling 
of equipment and pathways. Other possible 
codes and standards include consideration 
for any vibration concerns, seismic zone 
requirements, floor loading, and door di- 
mensions. 


Equipment Rooms. An equipment room 
is a room that provides a centralized space 
for telecommunications equipment installed 
within a building. Equipment rooms are 
different from other types of telecommuni- 
cations rooms in that individual workstations 
are not supplied directly from an equipment 
room. An equipment room typically re- 
quires installation of devices such as cables, 
splices, and grounding and bonding equip- 
ment. When installing an equipment room, 
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technicians must provide correct installation 
of batteries and any charging system to verify 
that ventilation and vibration requirements 
are met, and that a dedicated electrical circuit 
provides power to the room. 


Telecommunications Rooms. A telecom- 
munications room is an enclosed room 
that is used to house telecommunications 
equipment, terminations, and serves as a 
cross-connect point between backbone 
cabling and horizontal cabling. The termina- 
tions and equipment located in the telecom- 
munications room supply the work areas on 
the floor. Work areas can change during the 
construction process as plans change. 

Telecommunications rooms are typically 
used to supply a specific floor with data 
outlets, rather than an entire facility. Typi- 
cally, only one telecommunications room 
per floor is required. Telecommunications 
room installations must comply with require- 
ments for entrance facilities and equipment 
rooms. A move, add, and change (MAC) is 
the process of moving, adding, or changing 
telecommunications equipment to an exist- 
ing group of work areas. Wiring installed in 
telecommunications rooms must be com- 
pleted in such a manner to accommodate 
frequent equipment MACs. 
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Work Areas. A work area is an area in 
a facility where the facility’s occupants 
interface with the telecommunications 
system. Installation of telecommunications 
devices such as telephones and computer 
workstations in work areas typically is 
specified to the occupant’s requirements. 
Horizontal cabling runs in work areas have 
a maximum distance of 90 m. A multiuser 
telecom outlet assembly (MUTOA) is an out- 
let assembly used to terminate horizontal ca- 
ble runs. An MUTOA can serve up to twelve 
work areas. Work area installations must 


Beast Cabling Systems 


also be accessible and permanent, and must Structured cabling can be sorted to patch panels according to work 
not occupy ceiling areas. See Figure 11-6. area locations. 
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Figure 11-6. Telecommunications system components include backbone and horizontal cabling, entrance facilities, 
equipment rooms, telecommunications rooms, multiuser telecom outlet assemblies (MUTOAs), and work areas. 
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STRUCTURED CABLING SYSTEM 
INSTALLATION 


Structured cabling systems require the in- 
stallation of the pathways necessary to route 
cabling, install unique equipment within 
telecommunications spaces, route telecom- 
munications cable throughout the facility, 
and install firestopping devices as required. 
Each type of task requires techniques unique 
to structured cabling installation. 


Pathways 


A pathway is a vertical or horizontal run of 
telecommunications cable. A raceway is an 
enclosed channel for routing and protect- 
ing electrical conductors and cables. The 
supporting structures used for pathways 
are different from wiring methods used for 
typical electrical distribution wiring. Al- 
though similarities exist between electrical 
and structured cable wiring (conduits, cable 
trays, and associated hardware and fittings), 
the actual installation techniques regarding 
preparation and specific installation are of- 
ten different. Specific devices such as cable 
trays, D-rings, mushrooms, and inner ducts 
must be installed in pathways for structured 
cabling systems. 


Per the NEC®, cables that are in- 
stalled near framing members must 
be installed a minimum distance of 
1⁄4" away from the edge of the framing 
member or be protected by a sfeel 
plate or sleeve. 


Pathway Walkdowns. A pathway walk- 
down is a physical inspection of the area 
where the pathway is to be installed. Pathway 
routes must be clear of obstructions. Typical 
obstructions that can require coordination 
with other crafts during pathway installa- 
tion include plumbing, HVAC ductwork, 
electrical distribution devices, and building 
structural members (supports). A walkdown 
of the potential pathway to identify potential 
obstructions must be conducted. Drawings 


alone must not be used to reflect current 
conditions because as-built drawings are 
typically not completed prior to the walk- 
down stage of the project. An inner duct is a 
nonmetallic raceway that is placed within a 
larger raceway. The use of inner duct allows 
for different types of cable to be placed in 
each separate raceway. Inner duct is often 
used in structured cabling systems wiring. 


Equipment Racks. An equipment rack (ca- 
ble management system) is a vertical metal 
frame rack installed to support larger struc- 
tured cabling equipment and components. 
Installed equipment racks must be secured 
to the building structure, must be accessible 
from both front and rear, must have clearance 
of 36" front and back, clearance of 30" on 
sides, have cables neatly and securely mount- 
ed to the rear of the rack, use cable trays to 
route cables between racks, and must be 
bonded to the structured cabling grounding 
system with a 6 AWG copper conductor. 
Knockouts typically provide for access of 
cables into cabinets and trays located in 
equipment racks. 


Cable Trays. A cable tray is an open metal 
or nonmetallic frame used to support electri- 
cal conductors. See Figure 11-7. Different 
types of cable trays are used for routing 
telecommunications cables. Types of cable 
trays include tubular steel, solid steel, wire 
mesh, and rigid plastic. The main advantage 
of using tubular steel cable trays is their 
strength and lightweight construction as 
compared to solid steel cable trays. The main 
advantage of using wire-mesh cable trays is 
ease of installation. Rigid plastic cable trays 
are composed of polyvinyl chloride (PVC) 
or fiberglass. The main advantage of using 
rigid plastic cable trays is ease of installa- 
tion and properties that are impervious to 
environmental conditions such as moisture 
and humidity. 

Cable tray installation must be performed 
in accordance with manufacturer's instruc- 
tions. For example, specially designed 
fittings and accessories such as hangers and 
brackets are required for certain types of 
cable trays. 


THREADED 
ROD HANGERS 


Most cable trays can be easily customized 
in the field. Cable trays are typically available 
in standard 10' lengths and can be cut or bent 
to meet installation requirements. Care must 
be taken to use only cutters with offset blades. 
Cuts must be made at a 45? angle to prevent 
creating sharp edges and to aid in protecting 
cable from damage during installation. Cable 
trays must be examined for sharp edges, burrs, 
or projections that could damage the insula- 
tion or jackets of the cable. 

Cable trays must be properly supported. 
Threaded rod hanger systems are used to 
hang cable trays from the ceiling or wall 
brackets, which are used to mount cable 
trays directly to the wall. While the support 
requirements of the manufacturer must be 
followed, supports must typically be in- 
stalled within 2’ of the end of the cable tray 
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(CABLE MANAGEMENT 
SYSTEM) 


and at section joints. See Figure 11-8. Cable 
trays must be installed in a neat, orderly man- 
ner. For example, properly completed cable 
tray installation includes proper support and 
documentation of cable runs on the surfaces 
of ceilings and walls. Cables in trays must be 
correctly labeled. Various accessories, such 
as straps, staples, hangers, or similar fittings 
are used to secure cables in trays. 

A D-ring is a structured cabling support 
device used to support small bundles of 
cables on plywood backboards. A mush- 
room is a plastic cable support device with 
a center-mounted fastener used to support 
structured cabling cables on backboards or 
metal equipment racks. Per the NEC?, cables 
that are not terminated on both ends or tagged 
for future use must be removed because of the 
potential for fire hazards. 


Figure 11-7. A cable tray is 
atray that is used to route 
telecommunications ca- 
ble from equipment racks 
to various locations within 
a building. 
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Figure 11-8. Cable trays 
are supported by thread- 
ed rod hanger supports, 
wall brackets, and sup- 
ports at section joints. 
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Conduits. A conduit is a tube or pipe used 
to contain and protect electrical conduc- 
tors. Conduits include rigid metal conduit 
(КМС), intermediate metal conduit (ТМС), 
electrical metallic tubing (EMT), and flexi- 
ble metal conduit (FMC). In addition to pro- 
viding support and protection of conductors 
throughout a facility, conduit is also used 
to route and terminate structured cabling 
into telecommunications rooms. Conduit 
must be installed along a wall where the 
structured cabling can be brought out of the 
conduit, and routed with proper supports, 
to its corresponding device for termination. 

Conduit ends are reamed to remove 
burrs and sharp edges, and a bushing is 
installed to minimize the possibility of 
any damage to the cable. Conduit must be 
properly supported through use of various 
types of conduit hangers. A conduit hanger 
is a device attached to a structural member 
to provide support for conduits or pipes. 
Typically, conduit hangers secure conduit 
with beam clamps and are supported with 
threaded rods attached to a beam or other 
structural support above the conduit and to 
the bottom of the conduit hanger below the 
conduit. See Figure 11-9. 
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Figure 11-9. Conduit hangers attach to 
structural members to provide support for 
conduits or pipes. 


Spaces 


A space is an environmentally controlled 
centralized room for housing structured 
cabling installations. Spaces are typically 
used as telecommunications or equipment 
rooms. Spaces used as telecommunication 
rooms and equipment rooms have different 
interior finishes and equipment installations 
than rooms used to house electrical distri- 
bution equipment. 


Backboards. A backboard is a plywood 
board used for mounting structured cabling 
support equipment. See Figure 11-10. 
When structured cabling systems are in- 
stalled, it is necessary to install the support 
equipment in spaces used to house cable. 
Type A-C plywood is several thin sheets of 
wood (plies) sandwiched together to form 
a 4’ wide by 8’ long board with each side 
finished to a different quality as indicated 
by the A-C designation. Type A-C plywood 
is used for most backboards. In telecommu- 
nications rooms, two of the walls are often 
covered with sheets of 34" A-C plywood 
to provide sufficient area for mounting of 
structured cabling equipment. Covering the 
third wall can result in inadequate space for 


other equipment to be installed, or might not 
allow for sufficient area for the entrance of 
pathways into the room. The “А” side of 
the plywood, since it has the best finish, is 
installed to face the inside of the room. A-C 
plywood must be either fire-rated or covered 
With two coats of fire-resistant paint. In cer- 
tain applications, A-C plywood is installed 
around the entire perimeter of the room. 
There are special requirements for 
installing backboards. For example, back- 
boards should have square corners and be 
installed vertically to allow sufficient space 
around the equipment for managing cables. 
If multiple backboards are needed, they 
should be butted against each other with no 
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gaps. Backboards may be installed directly 
to metal studs (using drywall screws) or 
onto drywall (using toggle bolts around the 
perimeter). See Figure 11-11. 


When installing telecommunications 
devices, many technicians choose 
to first mount and test any equipment 
before it is placed on a wall. Once the 
equipment passes tests, the backboard 
and equipment can then be installed 
at the customer’s premises. This type 
of preinstallation improves project effi- 
ciency and reduces technician fatigue. 
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Figure 11-10. A back- 
board is a plywood board 
used for mounting tele- 
communications support 
equipment. 
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Figure 11-11. When back- 
boards are installed, spe- 
cial installation criteria 
must be followed. 
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Grounding and Bonding Systems. Since 
metal devices such as conduit, equipment 
racks, and cabinets can become energized, 
they must be grounded and bonded. While 
most structured cabling conductors have 
low voltage levels, metal conduits and 
equipment must still be able to dissipate 
any voltage to ground. 

Structured cabling grounding and 
bonding systems operate on the same prin- 
ciples as electrical grounding and bonding 
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systems. The two systems are mostly kept 
separate, except that they are both bonded to 
the electrical service equipment grounding 
electrode system. This is because the power 
distribution system and the structured ca- 
bling system must be equalized to remove 
any potential difference between them. 

А primary bonding busbar (PBB) is a 
busbar that serves as the main collection 
point for a telecommunications system's 
grounding system. A telecommunications 


bonding conductor (TBC) is a conductor 
that bonds the primary bonding busbar 
(PBB) to the service equipment ground. 
Depending on the size of the telecommu- 
nications system, additional busbars and 
conductors may be needed throughout the 
building. 

A secondary bonding busbar (SBB) is 
a busbar located in a telecommunications 
room to provide a local collection point for 
telecommunication equipment grounding. 
One or more SBBs are connected back to 
the PBB via a telecommunications bonding 
backbone (TBB). A telecommunications 
bonding backbone (TBB) is a conductor 
that connects a secondary bonding busbar 
(SBB) to the primary bonding busbar 
(PBB). See Figure 11-12. In buildings with 
multiple backbones, a backbone bonding 
conductor (BBC) is used to interconnect 
the backbones and ensure grounding system 
continuity. 

A grounding bushing is a fitting for a 
specific size and type of conduit that attach- 
es to the end of the conduit, provides for 
conductor transition from conduit to open 
space, and provides a means (such as a set- 
screw) to attach a bonding conductor to the 
fiting. Grounding bushings are installed on 
the end of the conduit where it is terminated. 


Routing Cable 

Routing cable through conduit and race- 
ways must be performed carefully and 
professionally to avoid damage. Copper 
structured cabling uses smaller-size AWG 
conductors than distribution cable and is 
available with up to 2400 pairs of con- 
ductors per cable. Depending on the type 
of conductor and pathway, different tech- 
niques for routing can be used as required, 
but most cable is routed through the use of 
power cable pullers. 


Setup. Proper setup of the cable routing 

equipment is required for successful cable 

pulls. Guidelines for successful cable rout- 

ing include the following: 

* Install cable from the top down for ver- 
tical runs. 
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* Useawinch or cable puller to pull cable 
from the bottom up. 

* Maintain two-way communications be- 
tween persons performing a cable pull. 

* Havecable reels and equipment in place 
prior to beginning of pull. 

* Do not allow cables to become bent or 
kinked. 

* Use lubricants as specified by the 
manufacturer. 

* Observe pulling-tension and bend-radius 
limits during pulling. 

e Properly affix a label to each cable. 

* Maintain updated as-built drawings 
throughout project. 

Cable reels must be inspected for kinks, 
knots, and damage to insulation prior to 
setup. In addition to verifying that the prop- 
er type and pair-count cable is ready to be 
installed, the cable length must be verified. 
Inspecting the cable footage markings on 
each end of the cable can be used to verify 
cable length. Record and track cable footage 
markings to avoid confusion when routing. 
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Beast Cabling Systems 
Cable guides are used to help route individual conductors in most 
installations. 
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Telecommunicotions Grounding and Bonding Systems 
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Figure 11-12. Though separate from the facility electrical distribution system, a telecommunications grounding 
and bonding system is also bonded to the grounding electrode. 


Routing Horizontal Cable. Routing For example, conduits for telecommuni- 
horizontal cable is required when routing cations cables must not be more than 100’ 
cable from the telecommunications room іп length and can have no more than two 
to the work area. There are differences in 90° bends in one segment, as opposed to 
routing telecommunications cables through typical electrical conduit runs, which can be 
conduits as opposed to routing electrical unlimited in length and can have no more 
distribution conductors through conduits. than four 90° bends in one segment. 


Most horizontal cable runs are not 
located in conduit, but in pathways above 
dropped ceilings or below raised floors. See 
Figure 11-13. When telecommunication 
cables are routed through an open ceiling 
or floor, proper support of the cable and 
maintaining proper bend radius are the 
most important considerations, as dam- 
aged cable and too small of a bend radius 
can cause signal loss. A patch panel is 
an equipment-rack-mountable panel that 
contains connecting hardware used to patch 
between groups of cables and equipment. 
А work area outlet is a wiring device that 
terminates horizontal cabling and provides 
for connection of the user's communication 
equipment. Different types of work area 
outlets are available depending upon ap- 
plication and location requirements. 


.*- Horizontal Pathways 
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(DROP CEILING) 
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(FROM TELECOMMUNICATIONS 
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Routing Backbone Cable. Routing back- 
bone cable is required when routing cable 
between entrance facilities, telecommu- 
nications rooms, and equipment rooms. 
Backbone cable often has a high conductor 
pair count and is larger and heavier than other 
types of cable, making it harder to manage. 
The use of cable sheaves and pulleys can be 
required for the routing of backbone cable. 
Use of the manufacturer’s recommended 
lubricant applied directly to the outer cable 
insulation requires less tension on the cable 
during pulling or routing. 


Backbone cabling is the portion of 
the telecommunications network that 
typically carries the heaviest amount 
of traffic. 


HORIZONTAL CABLING 
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Figure 11-13. Horizontal cable is typically routed through pathways above dropped ceilings or below raised floors. 
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Figure 11-14. In a fiber 
optic system, electrical 
signals are converted 
to light signals through 
the use of a fiber optic 
transceiver. 


Routing Fiber Optic Cable. Routing 
fiber optic cable is required as more facil- 
ities install fiber optic network systems. 
Fiber optic cables are used to transmit 
data from one location to another location. 
Fiber optics is the method of using light to 
transport information from one location to 
another location through thin filaments of 
glass or plastic. A transceiver is a device 
that transmits and receives. In a fiber optic 
system, electrical signals can be converted 
to light signals through the use of a fiber 
optic transceiver. For example, electrical 
signals transmitted into a facility over cop- 
per cabling can be received and converted 
into light signals for transmission through 
a fiber optic network through the use of a 
transceiver. See Figure 11-14. 

Optical fibers can be made from 
glass, plastic, or a combination of both. 
Because of higher quality and less at- 
tenuation, glass is more suitable for data 
transmission over long distances but is 
more expensive and fragile than plastic 
or combination fibers. Plastic is used in 
applications requiring short transmission 
lines (50' or less) in environments that 
are exposed to temperature extremes or 
susceptible to physical damage. 


5. 
n 


Itansceivers 
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FIBER OPTIC CABLE 


TRANSCEIVER 


Fiber optic cables are lightweight and 
offer the highest bandwidth and speeds pos- 
sible. Fiber optics also use smaller-diameter 
cables and are not affected by electromag- 
netic interference (EMI) or radio frequency 
interference (RFI). Fiber optic cables are 
usually used in large backbone systems, but 
may also be used at individual workstations. 
When fiber optic cable is routed, care must 
be taken not to exceed the manufacturer's 
maximum pulling tension or to fall below 
minimum bend radius values. 

Various test instruments are used for the 
proper installation and troubleshooting of 
fiber optic cable and related hardware in 
telecommunication systems. Some testing 
can be performed with digital multimeters 
(DMMs) with fiber optic test attachments. 
Other tests require fiber optic microscopes, 
fiber optic fault analyzers, or optical time 
domain reflectometers (OTDRs). 

An optical time domain reflectometer 
(OTDR) is a test instrument that is used 
to measure cable attenuation. Attenuation 
is produced by reflections from splices, 
connectors, and other areas in the cable that 
cause problems. An OTDR transmits laser 
light pulses into one end of a cable. The laser 
light pulses travel along the cable. When the 
laser light pulses reach an impedance change 
in the cable, a fault, or the end of the cable, 
a reflected signal pulse is sent back to the 
OTDR. The OTDR reads the size, shape, 
and return time of reflected signal pulses to 
identify the type of problem and the distance 
to it. See Figure 11-15. 

When fiber optic cable on a cable reel 
is inspected prior to installation, optical 
continuity is verified by using DMMs and 
OTDRs. To verify if light is present at one 
end, a fiber optic test instrument such as a 
cable viewer with a filter lens must be used. 
A fiber optic cable must not be viewed with 
an unprotected eye because of the possibil- 
ity of damage caused by infrared rays from 
the light source. Special safety precautions 
must be also be taken when working with 
fiber optic cable and connectors. Safety 
glasses or goggles must be worn to protect 
the eyes from loose pieces of glass fiber. 
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Other safety considerations include 
washing hands thoroughly after handling 
fiber optic cable, inspecting clothing for 
pieces of glass fiber after handling cables, 
proper disposal of glass fiber scraps, and 
keeping fiber optic cable work areas as 
clean as possible. 

Fiber optic cable must not be placed in 
the same conduit or duct that contains other 
cabling. However, an inner duct for fiber 
optic cables can be placed within ductwork 
that contains other types of telecommuni- 
cations cables. 


Penetrations. A penetration is an opening 
through a barrier, such as a wall, to allow 
the passage of raceways, cables, piping, 
ductwork, and other such systems. The two 
basic types of penetrations that are used in 
commercial and industrial structures are 
a through penetration and a membrane 
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penetration. See Figure 11-16. A through 
penetration is a hole made completely 
through a fire-rated barrier to allow the 
passage of cables, conductors, HVAC 
duct, or plumbing lines. For example, an 
electrical conduit that runs through several 
floors of a structure is considered a through 
penetration. A membrane penetration is 
a hole located in one side of a fire-rated 
barrier. For example, an electrical outlet 
installed in a work area in a fire-rated wall 
is considered a membrane penetration. 
Penetrations are sealed by application of 
firestopping methods. 


Firestopping. Firestopping is the pro- 
cess of installing engineered materials 
or devices as a barrier in an architectural 
structure to prevent the passage of flames, 
liquids, or gases through the barrier. 
See Figure 11-17. 


Figure 11-15. An OTDR 
reads the size, shape, 
and return time of re- 
flected signal pulses to 
identify problem in fiber 
optic cables. 
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Figure 11-16. The two ba- 
sic types of penetrations 
used in commercial and 
industrial structures are 
through penetration and 
membrane penetrations. 
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Firestopping installation must oc- 
cur where the pathway penetrates des- 
ignated areas. Pathways must have 
allowance for proper firestopping. Firestop- 
ping reestablishes the integrity of fire-rated 
walls, floors, and ceilings after holes have 
been made to allow the passage of cables. 
Typical firestop methods in use include 
mechanical systems, mortar compounds, 
composite sheets, collar/devices, blankets, 
caulks and sealants, putty, wrap strips, pil- 
lows, bags, and sprays. 


Surfaces in contact with fire stop materi- 
als must be free of oil, dirt, dust, and other 
debris. Factors that determine firestopping 
performance include the following: 

* type and thickness of wall or floor 

* severity of fire 

* quality of firestop installation 

* insulation thickness 

* type of cable, pipe, or conduit through 
the wall or floor 

* amount of cable fill in the space 


Troubleshooting Cable Installations 


Cable installation problems are the main cause 
of errors within a structured cabling system. 
Estimates indicate that over 5096 of reported 
errors with structured cabling systems can be 
traced back to some type of cable installation 
problem. When a structured cabling system 
is designed correctly and includes the correct 
components and parts, the interconnections 
of the cabling system are where problems 
are most likely to occur. See Figure 11-18. 


Structured cabling systems are so 
named because they consist of a 
standard arrangement (structure) 
of smaller subsystems. However, 
they may also be known as telecom 
systems, voice-data-video (VDV) 
systems, or low-voltage systems. 


Attenuation is a decrease in signal, power, 
or lightwave strength. Attenuation is mea- 
sured in decibels (dB). Each installation error, 
no matter how small, increases the amount of 
attenuation in the cable, and in the system. 
For example, removing 1" of cable sheathing 
at a terminated end can increase attenuation 
by about 1 dB. Leaving ends untwisted by 
V?" increases attenuation by about 1.5 dB, 
and leaving ends untwisted for 6" increases 
attenuation by 10 dB. Major causes of cable 
installation problems include the following: 
* cableends notterminated properly to con- 

nectors, by not maintaining the required 

pair-twist when making a connection 

* removing too much cable jacketing 

* overtightened cable ties, staples driven too 
tight, twists or knots in the cable, cables 
bent tighter than the minimum bend radius, 
and overfilled cable supports (or cable tray 
systems) 

* cablerouted too close to electric power ca- 
bles, causing noise problems from induced 
magnetic fields 

* cables not properly identified, marked, 
and tested, or not having the necessary 
documentation 

• cables run too close to high-heat sources 

* reversed or crossed wire pairs 

e short or open circuits 
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Coaxial outlets are an example of membrane penetrations. 
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Figure 11-17. Firestopping materials prevent the passage of flames, 
gases, and liquids through openings used for cable penetrations. 
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"d Causes of Cable Failure 
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Figure 11-18. Over 50% of reported VDV system problems are caused by cable being incorrectly installed. 


STRUCTURED CABLING 
TERMINATIONS 


Structured cabling terminations have cer- 
tain differences from electrical conductor 
terminations. Telecommunications cables 
can have multiple pairs of conductors. Each 
pair of conductors must be labeled and ter- 
minated in its proper location. Telecommu- 
nications cables require special termination 
preparation including different procedures 
for copper cable termination and fiber optic 
cable termination. 


Tech Tip 


Adding an additional twist to a twist- 
ed pair when terminating copper 
cables helps maintain proper line 
impedance. 


Cable Termination Preparation 


Termination preparation includes organiza- 
tion, identification, and labeling of cables. 
Equipment that is used to help prepare for 
cable termination includes labeling equip- 
ment and cable ties. Labeling systems must 
comply with TIA/EIA standards. TIA/EIA 
standards require that telecommunications 
labels be clearly visible, resistant to envi- 
ronmental conditions, have a design life 
greater than that of the labeled component, 
and be printed or generated by a mechan- 
ical device. Cables must also be bundled 
together neatly to aid in cable identification 
and prevent damage to cables. A cable tie 
is a plastic, metal, or fabric fastener used 
to organize and bundle multiple cables. 
See Figure 11-19. Most cable ties used for 
structured cabling installations are plastic. 
Cable termination preparation is performed 
by applying the following procedure: 
1. Place cables at point of destination. 
2. Label each cable per TIA/EIA standards. 
3. Measure, align, and position cables 
according to drawing specifications. 
Leave excess length so that there is no 
strain on cables. 
4. Remove kinks and twists from cables. 
5. Bundle cables neatly with cable ties. 


Chapter 11 —Structured Cabling Systems 413 


6. Install cable supports. 

7. Terminate the cable using the proper 
termination method for the type of cable 
and connection. 

Proper cable termination preparation 
results in less time required for actual ter- 
mination and a professional installation that 
facilitates future testing, troubleshooting, and 
maintenance of structured cabling systems. 


` S Cable Ties 
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Copper Cable Termination 


Copper is used as a conductor material 
because of its high conductivity and low 
cost. Although silver is a better conductor 
than copper, its high cost eliminates its use 
from most electrical applications. Alumi- 
num is also a good conductor but requires 
more space to carry the same amount 
of electrons as copper. Copper conduc- 
tors for structured cabling applications 
are terminated into modular plugs. See 
Figure 11-20. A modular plug is a plug 
adopted by the Federal Communications 
Commission (FCC) as the standard inter- 
face for telephone and data equipment for 
public networks. Modular plugs are avail- 
able with two, four, six, and eight-conductor 
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Figure 11-19. Cable ties 
are fasteners used to 
organize and bundle 
multiple cables. 
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configurations. Two, four, and six con- 
ductor configurations are used for tele- 
phone and low-speed applications, while 
eight-conductor configurations are used 
for high-speed Ethernet LAN applications. 
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12345678 
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Figure 11-20. Copper conductors for struc- 
tured cabling applications are terminated 
into modular plugs. 


Modular plugs must be matched to 
fhe type of cable in use. Plugs made 
for stranded cable will not work with 
solid conductor wire because they 
are designed to pierce the cable 
between the strands. Stranded cable 
plugs tend to smash solid conductor 
wire rather than pierce the cable 
between the strands. 


Various types of copper cables are 
manufactured specifically for telecommu- 
nications installations. Technicians must 
understand the differences and uses of each 
type in order to read drawings and follow 
correct installation and termination proce- 
dures. Copper cable is rated by a category 
(CAT) rating number. CAT ratings are stan- 
dards adopted by the telecommunication in- 
dustry. Copper cables are categorized from 
CAT 1 through CAT 8, depending on the 
bandwidth requirement. See Figure 11-21. 
New CAT ratings are continually created 
as manufacturers achieve faster operating 
speeds, and old CAT ratings such as CAT 
1, 2, 3, and 5 are phased out. Most copper 
installations consist of CAT 5e cabling. 


SOURCES 


Modular plugs must match the type of 
cable in use. 


A twisted-pair cable is a copper telecom- 
munications cable composed of pairs of insu- 
lated copper wires twisted around each other 
to reduce induction (electrical interference) 


from one conductor to another. Pair counts can 
number from 2 pairs to 2400 pairs per cable. 
Twisted-pair cables are classified as STP, 
UTP, and ScTP types. A shielded twisted- 
pair (STP) cable is twisted pair copper tele- 
communications cable that is wrapped in a 
metallic foil or braid to reduce electromag- 
netic interference. An unshielded twisted-pair 
(UTP) cable is a copper telecommunications 
cable that consists of electrically balanced 
copper cables. Each conductor in a UTP 
cable is insulated to prevent conductors from 
short-circuiting against one another. Four-pair 
UTP with 24 AWG conductors is commonly 
used in commercial applications. A screened 
twisted-pair (ScTP) cable is a twisted-pair 
copper telecommunications cable that has a 
foil or braided shield with a nonconductive 
material on one side. Screened twisted-pair 
cables are used in applications where elec- 
tromagnetic interference is too strong for 
ordinary UTP cables. 

A coaxial cable is a cable that is used to 
transmit high-frequency signals and consists 
of a central copper conductor surrounded and 
held in place by an insulator, which is then 
covered with a braided conductor shield. See 
Figure 11-22. Telecommunications cables 
have various structured cabling applications 
in commercial installations such as video 
systems, security cameras, and CATV 
(cable television). 


Insulation Displacement Connections 
(IDC). An insulation displacement connec- 
tion (IDC)is a method of conductor termina- 
tion that removes the conductor's insulation 
as the conductor is seated in the connection. 
The most commonly used method of termi- 
nating copper telecommunications cable is 
through the use of IDC connectors. 
Insulation displacement connection ter- 
mination blocks are mounted on backboards 
to provide for the termination of copper con- 
ductors. Four basic types of IDC termination 
blocks are 66-type, 110-type, BIX, and LSA. 
A 66-type IDC block is a termination block 
that is used primarily for telephone systems, 
such as for a private branch exchange (PB X) 
or a key telephone system (KTS). A 110-type 
IDC block is a termination block that is used 
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for backbone cabling terminations of voice 
and data systems. A 110-type IDC block 
utilizes a clip on top of the wiring block to 
secure terminations. A BIX IDC block is a 
termination block that is used for backbone 
cabling terminations for voice and data 
systems. A BIX IDC block does not use a 
clip for securing terminations and allows for 
cross-connecting terminations to other wiring 
and systems. An LSA IDC block is a termi- 
nation block that utilizes silver-plated IDC 
contacts to provide electrical terminations. 
An LSA IDC block has its contacts placed 
at 45° to support the conductor. 
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Figure 11-21. Telecommunications cables are categorized from CAT 
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1 through CAT 8, depending on the bandwidth requirement. 
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Telecommunications Cable Types 


CABLE 


JACKET 


BRAIDED SHIELD 4-PAIR CABLE 


FOIL SHIELD FOIL SHIELD 


STP CABLE ScTP CABLE 


OUTSIDE JACKET INNER INSULATION 
INNER 
CONDUCTOR 


18 AWG - 22 AWG 


BRAIDED СЕЕ 
COAXIAL CABLE 


Each type of termination block utilizes a 
specialized tool to place (punch down) the 
conductor into the connector. Termination 
blocks must be securely mounted on back- 
boards or terminations can be faulty. Not 
using the proper tool and blade with the 
appropriate termination block can result in 
failed terminations. 

Standardized plugs and connectors are 
used for the termination of cables at work area 
outlets and for patch cords. For example, an 
“8Р8С” plug and connector are commonly 
used for data cabling. The “8P” indicates 
there are 8 different positions for conductors 
across the width of the device. The “8С” in- 
dicates 8 contacts are installed (one in each 
position). An 8P4C is used with two-pair cable 
since only four total conductors are present. 
Other typical combinations include a 4PAC 
for telephone handset cords, and a 6P6C for 
telephone and computer modem lines. IDC 


Figure 11-22. Telecommunications cable types include STP, UTP, ScTP, and coaxial. 


connectors are terminated through use of a 
special termination tool (punch-down tool) 
that seats the wire into the connector, displac- 
es insulation from the conductor, and trims 
the wire flush with the connector body. See 
Figure 11-23. IDC termination is performed 
by applying the following procedure: 
1. Use data cable stripper to remove pro- 
tective sheath from cable. 
2. Fan out and separate wires. 
3. Route wires into connector. 
4. Terminate wires into connector with 
punch-down tool. 


Plug-compatible devices are tele- 
communications devices made by 
different manufacturers that are fotally 
interchangeable with one another. 


Eo. 


IDC Termination Procedures 


USE DATA CABLE STRIPPER 
TO REMOVE PROTECTIVE 
SHEATH FROM CABLE (1) 


Figure 11-23. Insulation displacement connections (IDC) are the most commonly used type of terminations used 


with telecommunications cabling. 


Fiber Optic Cable Termination 
Fiber optic cable termination requires 
specialized training because some types 
of connectors must be hand-polished and 
tested for signal loss. Fiber optic connectors 
are available in field-polish and prepolish 
designs. A field-polish fiber optic connec- 
tor is a fiber optic connector that requires 
hand-polish of the glass fiber upon termi- 
nation. Cleaving is the process of cleanly 
cutting a glass fiber at 90°. A ferrule is 
the ceramic part of a fiber optic connector 
that holds a fiber in place and aids in its 
connection. 

A special cleaving tool is used to cleave 
glass fiber. With a field-polish connector, the 
technician must insert the glass fiber into 
each ferrule, cleave the glass fiber as close 
to the surface of the ferrule as possible, and 
hand-polish the end of the cleaved fiber with 
a series of abrasive papers and a polishing 
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puck. A good signal reading is dependent 
on the quality of the polish. Although field- 
polish connectors are inexpensive in com- 
parison to prepolished connectors, they 
have several disadvantages including time- 
consuming termination procedures, incon- 
sistent signal readings, and likelihood of 
connectors needing to be discarded due to 
broken fiber below the surface of the ferrule. 

A prepolish fiber optic connector is a 
fiber optic connector that is polished at 
the connector manufacturer’s facility. A 
special crimp tool is required to terminate 
a pre-polished connector. Although signal 
losses can occur because of the length of 
the fiber cable, losses from splices and 
connectors often exceed the losses from 
the actual cable length. Fiber optic signal 
losses occur from axial and angular mis- 
alignment, excessive separation between 
cables, and rough ends. See Figure 11-24. 
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Figure 11-24. Common 
signal losses occur from 
axial and angular mis- 
alignment, excessive 
separation between 
fiber optic cables, and 
rough ends. 


Wire-Wrap Tetminations 


A wire-wrap termination is a conductor fermination method of 
wrapping a bare conductor around a square-shaped terminal 
post. The wire-wrap termination method uses a specially designed 
fool to wrap fhe conductor around the square-shaped terminal 
post. Although the wire-wrap method provides a sound electrical 
and mechanical connection, the time required to perform this 
type of installation is greater than for IDC terminations. A wire- 
wrap termination is used in certain applications, but screw-type 
terminals (in which a bare conductor is partially wrapped under 
a terminal screw and the screw tightened down) should not be 
used in structured cabling applications because it can cause an 
increase in electromagnetic interference in twisted pair cables. 


„aN Causes of Fiber Optic 
"— Signal Loss 
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Different types of fiber optic cable are 
available to meet various requirements, in- 
cluding environmental location requirements. 
For termination purposes, most fiber optic 


cable types are classified as single-mode or 
multimode. See Figure 11-25. A single-mode 
fiber cable is a fiber optic cable that contains а 
glass fiber with a small core that only allows 
one path (mode) of light to be passed through 
the cable. The diameter of the glass core of 
single-mode fiber is 8 um to 10 рт. The outer 
jacket of a single-mode cable is typically 
color-coded yellow. Typical applications for 
single-mode cable includes telephone appli- 
cations, cable television networks, and back- 
bone networks. Most glass fiber produced is 
single-mode. 


Fluke Networks 
Visual fault locators are test instruments 
used to locate damaged fiber optic 
cables and prevent signal loss. 


A multimode fiber cable is a fiber optic 
cable that contains a glass fiber with a large 
core that allows several paths (modes) of light 
to be passed through the cable. The diameter 
of the glass core of multimode fiber is 50 um, 
62.5 um, or 85 рт, with 62.5 um being the 
most common core diameter uséd. The outer 
jacket of a multimode fiber cable is typically 
color coded orange or gray. Typical appli- 
cations for multimode cable includes local 
area networks (LANs), closed-circuit video 
monitoring, process control applications, 
and security systems. Fiber optic cables have 
several different designations, which are 
marked on the cable jacket. Fiber optic cable 
designations are used when routing cables. 
See Figure 11-26. 
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Fiber Optic Splices. Fiber optic cable can 
also be spliced together. A splice between 
two optical fibers can be a fusion splice or 
a mechanical splice. А fusion splice is a 
splice that utilizes an electric arc to weld 
two optical fibers together. A mechanical 
splice is a splice that aligns two matching 
fibers in a ferrule with adhesive to complete 
the splice. 

Although fiber optic splices can be 
performed in the field, most splices are 
performed at the fiber manufacturer's 
facility. Once a fiber optic cable has been 
spliced, the cable losses can be calculated 
and must not exceed a specified maximum 
signal loss value. An OTDR can be used to 
troubleshoot and locate problem splices. 


FIBER OPTIC CABLE DESIGNATIONS 


Plenum-rated for use in 
air-handling plenums 


OFN-LS Low smoke density 


FIRE ALARM SYSTEMS 


Fire alarm systems are used to protect hu- 
man life and property. Understanding fire 
alarm system operation, installing control 
panels, system wiring, and field device 
installation techniques are necessary for 


Figure 11-25. Most fiber 
optic cable types are 
either multimode or sin- 
gle mode. 


Figure 11-26. Fiber op- 
tic cables have several 
different designations, 
which are marked on the 
cable jacket. 
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proper system performance. Fire alarm 
systems are used as notification systems and 
are different from other systems because of 
fire alarm circuit types, system components, 
circuit wiring, field devices, and testing. 
Fire alarm systems operate independently 
of other systems in a facility. 

A fire alarm system can be grouped into 
specified areas such as system components 
and system circuits. Fire alarm system 
components and circuits must detect the 
presence of a fault condition such as smoke 
or heat detection, a manual fire alarm, or 
deployment of a sprinkler system. 


Fire Alarm Notification Systems 


Fire alarm system components and circuits 
must also provide notification actions. A 
central supervising station such as a security 
workstation interfaces between fault condi- 
tions and notification actions. See Figure 
11-27. Notification actions include alerting 
building occupants so that they can safely exit 
the building, notifying emergency response 
personnel, and providing control functions to 
minimize the consequences of a fire condition 
such as controlling smoke hatches, controlling 
stairway door releases, controlling elevators, 
controlling air-handling systems, and con- 
trolling fire pumps. 


Cooper Crouse-Hinds 
An alarm-siren unit is typically used in an alarm notification system in 
industrial locations. 


Notification system wiring requires the 
use of specialized components, such as 
horns, sirens, and strobe lights, to provide 
both visual and aural notification to build- 
ing occupants. The notification of response 
personnel often requires interconnection 
with telecommunication systems. 


The operation of ventilation system 
components requires interconnection 
with motors and motor control circuits. 
Fire pump motors must automatically 
start. Elevators can be required to take 
personnel to safety, but must not have 
their doors open on a floor where a fire 
condition is present. To maintain reliabili- 
ty of a fire alarm system, the system must 
be continually monitored for any fault 
conditions such as open circuits, short 
circuits, grounded circuits, or failure of 
system components. 


Fire Alarm Circuit Types 


Different types of fire alarm circuits are 
required in commercial and industrial 
facilities. The three types of fire alarm cir- 
cuits that must be installed in commercial 
and industrial facilities include initiating 
device circuits, notification appliance 
circuits, and signaling-line circuits. See 
Figure 11-28. 

An initiating device circuit is a fire alarm 
circuit that connects automatic or manually 
operated devices to supervisory and alarm 
systems. Initiating device circuits are used 
to connect fire alarm boxes, fire detectors, 
and water flow alarm devices. An initiating 
device circuit has an end-of-the-line resistor 
that allows a small amount of current in 
the circuit. When an alarm device initiates, 
increased current flows through the shorted 
device contacts rather than the resistor, indi- 
cating an alarm condition. Initiating devices 
include smoke detectors, heat detectors, and 
manual alarms. 


A notification appliance circuit is a fire 
alarm circuit that connects visual and/or 
audible alarm devices to a fire alarm sys- 


tem. Notification appliances include horns, 
lights, and bells. 
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Fire Alarm Notification Systems 
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Figure 11-27. Fire alarm notification systems must detect the presence of a fault condition and also provide no- 


tification actions. 


A signaling line circuit is a fire alarm 
circuit that can contain a mix of initiating 
devices and notification appliances since each 
one is individually addressable. Signaling line 
circuits are polarized or have overcurrent- 
limiting devices to prevent short circuits 
during alarm conditions. 

Fire alarm circuits may be either non-power- 
limited (up to 600 V with no current limit) or 
power-limited (up to 150 V with total power 
limited to 100 VA). These two types of circuits 
differ in power supplies, OCPD requirements, 
and restrictions on routing with other types of 
circuits. Typical fire alarm circuits operate at 
24 VDC and less than 10 A of current. 

Also, a fire alarm circuit can be designed 
as either a class A or class B circuit, which 


indicates whether the circuit can tolerate a wir- 
ing problem and continue to operate. A class 
A circuit is a fire alarm circuit in which the 
conductors return from the last device to the 
fire alarm control panel (FACP). This means 
that damage to a conductor in one place will 
not render the entire circuit inoperable. A class 
B circuit is a fire alarm circuit that is connected 
to a fire alarm control panel at only one end 
of the circuit and uses an end-of-line device 
(resistor or relay) at the other end. Any con- 
ductor damage in this type of circuit renders 
all downstream devices inoperable. Since the 
requirements for circuit installations change 
based on circuit characteristics, technicians 
must understand the differences between the 
different circuit types. 


NOTIFICATION 
ACTION OUT 
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Figure 11-28. Three @ ^ m 
types of fire alarm cir- „> Ве Alarm Circuit Types 
cuits include initiat- 
ing device circuits, 
notification appliance 
circuits, and signaling- 
line circuits. 
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Fire Alarm System Components 


The main component of a fire alarm system 
is the control panel. A fire alarm control 
panel (FACP) is a control panel that re- 
ceives inputs from automatic and manual 
fire alarm devices to initiate the appropriate 
response action. See Figure 11-29. Typical 
response action includes energizing alarm 


devices to notify personnel occupying the ' 


facility. Text displays and remote alarms 
can be initiated at central alarm stations 
or local fire departments. The source of 
power for an FACP must be reliable and 
have a dedicated branch circuit. Techni- 
cians typically place a red indication label 


next to the panelboard breaker supplying a 
FACP. Typically, a battery backup system 
is installed directly in the FACP. 

A notification appliance is a fire alarm 
system component used to alert personnel 
of a fire condition. Notification appliances 
include bells, horns, lights, speakers, or text 
displays. An initiating device is a fire alarm 
system component that transmits a change 
of condition to a fire alarm control panel to 
indicate an alarm condition. Examples of 
initiating devices include smoke detectors, 
heat detectors, flame detectors, manual 
pull stations, and water flow switches in 
automatic fire sprinkler systems. 
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Fire Alarm Control Panels (FACPs) 


ENCLOSURE COVER 


CONDUITS ROUTE CONDUCTORS 
FROM INITIATING DEVICES 


ENCLOSURE 


Fire-Lite Alarms 


Initiating devices are typically wired to 
control specified zones. A zone is a defined 
area within the facility from which a fire 
alarm signal can be received or sent or a 
control action can be executed. An FACP 
controls fire alarm circuits and registers 
fault conditions such as open circuits, short 
circuits, and ground faults, which are indi- 
cated on the FACP display. A supervisory 
signalis a signal indicating a need for action 
in connection with a related control system. 
Examples of supervisory signals that must 
be installed are indicating devices for a 
valve switch in the wrong position, low air 
pressure on a dry-pipe sprinkler system, and 
a low water level in a tank or vessel. 

The FACP interconnects with initiating 
devices, notification appliances, and envi- 
ronmental, security, and remote systems. 
For example, telephone lines or wireless 
transmission methods can be used to 
transmit fire alarm system data to remote 


stations. Security doors can be required to 
automatically unlock during a fire condi- 
tion, ventilation dampers can be required 
automatically open or shut, and ventilation 
exhaust fans can require automatic starting. 

Installation of an FACP requires preplan- 
ning and inspection of equipment. А fire 
alarm system typically consists of an FACP 
in one enclosure, and additional enclosures 
containing other control units and interface 
panels. Interconnection cables can be sup- 
plied to interconnect panels or components. 
Separate electronics, batteries, and other 
components can require installation after 
mounting the enclosure. Special installation 
guidelines are used when mounting fire 
alarm enclosures. See Figure 11-30. 

A fire pump is a pump used to provide a 
continuous flow of water to different points 
in a building for the purpose of extinguish- 
ing fires. Service for the fire pump and its 
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Figure 11-29. Fire alarm 
control panels (FACPs) 
receive inputs from au- 
tomatic and manual 
fire alarm devices to 
initiate the appropriate 
response action. 
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Figure 11-30. Special in- 
stallation guidelines are 
used when mounting fire 
alarm enclosures. 


controller should not be from the same 

source as the remainder of the facility dis- 

tribution system. Wiring installation for fire 

pumps can result in installation of a separate 

service for the fire pump, or installation 

of a separate power source for the pump 

motor, such as a standby generator. Specific 

requirements for electric-driven fire pumps 

include the following: 

* Keep fire pump wiring independent of 
other wiring. 

* Install oversize conductors and trans- 
formers to supply fire pumps. 

* Fire pump disconnect must be lockable 
in the closed position. 


FIRE ALARM ENCLOSURES— 
INSTALLATION GUIDELINES 


Locate enclosures with 3' clearance in front of 
panel and allowance for panel doors to open 90° 


Install batteries and electronic components per 
manufacturer's instructions 


Fire Alarm Circuit Wiring 


Special fire alarm circuit wiring techniques 
and equipment must be used to install fire 
alarm circuits in order for the system to 
operate properly. The installation of fire 
alarm circuits follows specific guidelines of 
the МЕС, local codes, and manufacturer's 
instructions. See Figure 11-31. 
Non-power-limited fire alarm circuit 
cabling can be composed of solid or strand- 
ed conductors with cable designations of 


NPLFP, NPLFR, and NPLF. Non-power- 
limited fire cable-plenum (NPLFP) is a 
cable that is constructed for non-power- 
limited fire alarm circuits and designed so 
as not to require its installation in a raceway 
except in certain applications, and can be 
suitable for use in plenums. Non-power- 
limited fire cable-riser (NPLFR) is a cable 
that is constructed for non-power limited 
fire alarm circuits and designed so as not 
to require its installation in a raceway 
except in certain applications and can be 
used in risers. Non-power-limited fire cable 
(NPLF) is a cable that is constructed for 
non-power-limited fire alarm circuits and 
designed so as not to require its installation 
in a raceway except in certain applications. 
Non-power-limited fire alarm circuit ca- 
ble types are determined by location in the 
circuit to be installed and are typically used 
to supply notification devices. Non-power- 
limited fire alarm circuit cables must have 
adequate fire-resistant capabilities and low 
smoke-producing characteristics. 


FIRE ALARM CIRCUITS— 


INSTALLATION GUIDELINES 


Install red covers over junction boxes and label as 
"Fire Alarm Circuits" 


Support cables by attaching to building structure. 
Do not rest cables on top of ceiling tiles. 


Check conduit and cable color-code requirements 
(conduit and cable may be required to color-coded 
red per local code or project specifications) 


Provide overcurrent protection at the point at which 
non-power-limited circuits receive power supply 


Install multiconductor cables in raceways 
as required 


Fire alarm cables must be protected to a height of 
7' by building construction, rigid metal conduit, or 
metal raceways 


Properly identify all fire alarm cables at termination 
and junction locations 


Figure 11-31. The installation of fire alarm 
circuits must follow specific guidelines of 
the NEC®, local codes, and manufacturer's 
instructions. 


A plenum is a compartment or chamber 
to which one or more air ducts are connect- 
ed and is part of the air distribution system. 
Non-power-limited fire alarm cables, while 
they can be used in spaces that transport 
environmental air, cannot be installed as 
exposed wiring in ducts or plenums. For ex- 
ample, NPLFP cable can be installed in the 
space above a suspended ceiling. The space 
above a suspended ceiling can be used to 
carry return air in the ventilation system, but 
is not specifically manufactured as a venti- 
lation duct. NPLFP cables can be installed 
in the space above a suspended ceiling with 
other types of conductors as long as each 
conductor is properly insulated. 


NEC? Article 770 covers the installa- 
lion of fiber optic cables, raceways, 
and hybrid fiber-coax cables, which 
contain optical fibers to transmit light 
for control, signaling, and communi- 
cation applications. Hybrid fiber-coax 
cables also carry electrical current in 
addition to light waves. 


A fire power-limited (FPL) cable is a 
cable that is designed for use in power- 
limited fire alarm circuits. Fire alarm 
power-limited circuits are used to supply 
initiating devices and are installed with fire 
power-limited cable. Fire power-limited 
cable designations are type FPL, FPLP, or 
FPLR. Typical FPL applications include 
manual-pull fire alarm stations. A fire 
power-limited-plenum (FPLP) cable is a 
cable that is designed for plenum use in 
power-limited fire alarm circuits. Typical 
FPLP applications include installation in 
air ducts or other spaces used for envi- 
ronmental airflow. A fire power-limited- 
riser (FPLR) cable is a cable that is de- 
signed for riser use in power-limited fire 
alarm circuits. Typical FPLR applications 
include use as riser cable installed in ver- 
tical runs in shafts or from floor to floor. 
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Special cables are used to maintain 
the operation of the fire alarm system 
during a fire condition. Both mineral- 
insulated or circuit-integrity cables can be 
installed as part of a fire alarm system. A 
mineral-insulated (MI) cable consists of 
conductors surrounded by magnesium- 
oxide insulation and enclosed in a seamless 
metal sheath. Type MI cable is installed in 
locations that require liquid or gas resis- 
tance, such as service-entrance locations, 
feeder circuits, and branch circuits. A 
circuit-integrity (CI) cable is a cable that 
consists of a flame-retardant jacket with 
a fire barrier tape and foil shield wrapped 
around insulated conductors. 

Circuit-integrity cables meet certain 
requirements to maintain their integrity 
under fire conditions. Circuit-integrity 
cable is flexible until subjected to fire 
and is easier to install than MI cable. 
Circuit-integrity cable is installed for 
various related emergency systems such 
as voice communication systems used to 
notify building occupants of an emergen- 
Cy, controls and power for ventilation fans 
and dampers required to operate during a 
fire emergency, and for elevator controls. 


Fire Alarm Field Devices 

Field devices include manual fire alarm 

stations, smoke detectors, photoelectric 

smoke detectors, duct smoke detectors, 
and heat detectors. A manual fire alarm 
station is a fire alarm station that requires 

a mechanical operation to initiate an alarm. 

A "fire alarm pull-box" type is the most 

commonly used manual fire alarm station. 

See Figure 11-32. When manual fire alarm 

stations are mounted, the following guide- 

lines must be followed: 

* Mount the bottom of the box 42" above 
the floor. The operable section of each 
manual box must be not less than 42" 
above the floor and not more than 48” 
above the floor. 

* Mount manual fire alarm stations within 
5' of each exit door opening. 

* Allow no more than 200' horizontally 
between manual fire alarm stations. 
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Figure 11-32. Fire alarm pull-boxesare the most 
commonly used type of manual fire alarm 
stations. 


* A manual fire alarm station must not be 
obstructed. 

* Door widths over 40’ must have a man- 
ual fire alarm station on each side of 
the door. 

А smoke detector is an electrical de- 
vice used to sense products of combustion 
(smoke) and activate an alarm when smoke 
is detected. An ion is an atom or group of at- 
oms that carries a positive or negative electric 
charge as a result of having lost or gained one 
or more electrons. A smoke detector monitors 
ions, or electrically charged particles. Smoke 
particles entering the sensing chamber of 
the smoke detector change the ionization of 
the air, which causes the amount of ioniza- 
tion through the smoke detector to change. 
A smoke detector's alarm sounds when a 


change in ionization reaches a preset level. 
When a smoke detector is mounted, the fol- 
lowing guidelines must be followed: 


e Smoke detectors mounted on the ceiling 
must be a minimum distance of 4" from 
any walls 

* Smoke detectors mounted on walls 
must be a minimum distance of 4" from 
ceilings 

• Smoke detectors must be mounted а 
minimum distance of 3' from any supply 
or return air diffusers 

e Space smoke detectors along the ceiling 
as required by project drawings and 
specifications 

* Smoke detectors must be mounted a 
maximum distance of 3' from the highest 
point of a peaked ceiling 

* Install end-of-line devices such as resis- 
tors or relays as required 

* Observe proper polarity of hardwiring 
as required 

* Protect detectors from damage and dust 
during installation phase of project 
A photoelectric smoke detector is a smoke 

detector that uses a light beam from a trans- 
mitter to a light receiver to detect a fire condi- 
tion. Unlike conventional smoke detectors, a 
battery is installed at the panel location rather 
than in each smoke detector. A photoelectric 
smoke detector sounds an alarm when the 
light is scattered because of the presence 
of smoke. See Figure 11-33. Photoelectric 
smoke detectors are typically installed in main 
hallways and stairwells. When a photoelectric 
smoke detector is mounted, the following 
guidelines must be followed: 

* Mount the smoke detector on stable 
surfaces. 

* Do not hang the smoke detector from a 
ceiling using a pendant-type mounting. 

* Mount the smoke detector so that the 
light-beam path is free of obstructions. 

* Mountthe smoke detector away from the 
path of normally occurring smoke such 
as in kitchens or garages. 

* Mount the smoke detector away from 
components that are exposed to other 
sources of heat such as HID lights, sun- 
light, or ventilation heating. 


Photoelectric Smoke Detectors 
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Figure 11-33. Photoelectric smoke detectors sense the presence of smoke particles by watching for the scattering 


of light they cause. 


A duct smoke detector is a smoke de- 
tector used in an HVAC system to provide 
early detection of smoke and products of 
combustion present in air moving through 
ducts. Duct smoke detectors shut down the 
ventilation fan when smoke is present in the 
system. Duct smoke detectors are mounted 
on the bottom of an HVAC duct and can be 
powered from AC or DC power sources. 
Holes are drilled in the bottom of the duct 
to accommodate an inlet tube that senses 
the presence of smoke and an exhaust tube 
that removes air that has been circulated 
through the inlet tube. See Figure 11-34. 
When a duct smoke detector is mounted, 
the following guidelines must be followed: 
* Coordinate installation with mechanical 

trades (plumbing, carpentry, and con- 

crete work) as required 

• Do not mount within б to 10 duct widths 
of bends or restrictions in the duct work 

« Mount downstream of the fan and filters, 
but ahead of any branch connections in 
the supply air duct 

• Install gasket material as required 

• Provide access covers to smoke detectors 
as required 


T Duct Smoke Detectors 


= DUCT 


INLET TUBE MOUNTS 
FLUSH TO TOP OF DUCT AIRFLOW 


DIRECTION 


INLET TUBE HOLES 
FACE AIRFLOW 


_ /- EXHAUST TUBE 
INSTALLED 
DOWNSTREAM 

|» FROM AIRFLOW 


Li 


— 


— 


MOUNTING HOLE MOUNTING HOLE 


INLET TUBE 
PROVIDED 
WITH SENSOR 
TO DETECT 
PRESENCE 
OF SMOKE 


EXHAUST TUBE 
FOR REMOVAL OF 


SENSOR CIRCULATED AIR 


DUCT SMOKE 
DETECTOR 


RED LED LIGHT 
INDICATES PRESENCE 
OF SMOKE 


GREEN LED INDICATES 
UNIT HAS POWER 


Figure 11-34. Duct smoke detectors are used in HVAC systems to pro- 
vide early detection of smoke and products of combustion present 
in air moving through ducts. 
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A heat detector is an electrical sensing 
device used to detect excess heat levels within 
a structure. A heat detector works similarly to 
a smoke detector. A heat detector has a ther- 
mocouple that responds to changes in ambient 
temperature. If the ambient temperature of an 
area where a heat detector is installed rises 
above a certain threshold level, an alarm is 
triggered. See Figure 11-35. Installation of 
heat detectors follows standardized require- 
ments of the NEC®, local codes, and manu- 
facturer's instructions. When a heat detector 
is mounted, the following guidelines must 
be followed: 

* Space each heat detector apart per man- 
ufacturer's instructions. 

* Heatdetectors mounted on ceilings must 
be a distance of 4" or further from any 
walls. 

* Heat detectors mounted on walls must 
be mounted a minimum distance of 12" 
below the ceiling. 

Note: Heat detectors are not meant to 
replace smoke detectors. 
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Figure 11-35. Heat detectors are equipped 
with a thermocouple and used to detect 
excess heat levels within certain areas of 
a structure. 


When any notification appliance is mount- 
ed, the following guidelines must be followed: 
* [nstall the top of audible devices mini- 

mum distances of 90" above floors, and 

6" below ceilings (except smoke detec- 

tors, which must be mounted 4" below 

ceilings) 

* Install visible (strobe light) notification 
appliances with the lens mounted a dis- 
tance between 80" and 96" above floors 

* [nstall ceiling-mounted visible notifica- 
tion appliances a maximum distance of 
30' above floors 

* Install visible appliances a maximum dis- 
tance of 15' from the end of a corridor and 
spaced a maximum distance of 100' apart 
within the corridor. See Figure 11-36. 


A larger number of smaller devices 
evenly distributed fhroughout the 
signaling area are better than a single 
large, loud device. The alarm signal 
should exceed the ambient noise 
level by at least ó dB. 


Fire Alarm Testing 


Upon completing the installation of field 
wired devices to an FACP, field wiring 
must be verified to be free of stray voltages, 
ground faults, open circuits, and short cir- 
cuits. Proper circuit resistance must also be 
verified with a multimeter. Megohmmeters 
should not be used because of potential 
damage to electronic components. 

Stray voltage is unwanted voltage be- 
tween conductors. Using the 300 VAC scale 
(or higher) and then the 30 VDC scale on a 
multimeter, measure voltage between each 
pair of conductors and verify the reading 
is zero. To check for ground faults with a 
multimeter, apply the following procedure: 

1. Check to ensure that all power is off 
in the circuit or component under test 
and disconnect the component from 
the circuit. 
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2. Set the multimeter to the МО scale (if 
available) or to the resistance (Q) function. 

3. Place one lead on ground and place the 
other lead on each individual conductor. 

4. Read the resistance displayed on the 
meter. Each reading should be in many 
millions of ohms, indicating an open 
circuit. 

5. Turn the meter off after measurements are 
taken, to save battery life. 


Fire alarm panels are 
installed in systems that 
are separate from other 
electrical systems within 
a facility. 


Fire Alarm Circuit Devices -Standardized Requirements 
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Figure 11-36. Installation of fire alarm circuit devices follows standardized requirements of the NEC®, local codes, 
and manufacturer's instructions. 
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The absence of open and short cir- 
cuits and the proper circuit resistance 
are verified by measuring resistance 
with a multimeter. To measure resistance 
using a multimeter, apply the following 
procedure: 

1. Check to ensure that all power is off 
in the circuit or component under test, 
and disconnect the component from the 
circuit. 

2. Plug the black test lead into the common 
jack. 

3. Plug the red test lead into the resistance 
jack. 

4. Set the function switch to the resistance 
position (£2). 

5. Ensure that the meter batteries are in 
good condition. The battery symbol is 
displayed when the batteries are low. 
Note: An internal circuit automatically 
zeros digital meters. 

6. Connect the test leads across the com- 
ponent under test. Ensure that contact 
between the test leads and the circuit is 
good. Dirt, solder flux, oil, and other 
foreign substances greatly affect resis- 
tance readings. 

7. Read the resistance displayed on the 
meter. Check the circuit schematic for 
parallel paths. Parallel paths with the re- 
sistance under test cause reading errors. 
Do not touch exposed metal parts of the 
test leads during the test. The resistance 
of a person's body can cause reading 
errors. 

8. Turn the meter off after measurements 
are taken, to preserve battery life. 


SUMMARY 


Structured cabling systems are the cables, 
conductors, and support equipment that 
link together communication, data, and 
video systems within a facility. Techni- 
cians must use proper techniques when 
wiring the components of these systems. 
Such systems can include telephones, lo- 
cal area networks (LAN), digital subscrib- 
er lines (DSL), integrated services digital 


networks (ISDN), building automation 
systems (BAS), and fire alarm systems. 
Various codes and standards apply to 
these installations including requirements 
of the National Electrical Code®. 

Structured cabling systems are com- 
plete cabling systems used to complete 
typical structured cabling installations. 
Cable can be copper or fiber optic (glass 
or plastic). Network service cables enter 
the building at the entrance facility, and 
backbone cabling is routed via pathways 
to equipment rooms and telecommunica- 
tions rooms. Horizontal cabling ends at 
the work area where the building occu- 
pants interface with the telecommunica- 
tions system. Throughout the structured 
cabling system, technicians commonly 
use insulation displacement connectors 
(IDC) to terminate copper wiring. Optical 
fiber cable requires special termination 
techniques and safety practices. 

Technicians are also responsible for 
the installation of equipment racks and 
other specialized components in equip- 
ment and telecommunication rooms, 
which can require installing plywood 
backboards, special supports for conduc- 
tors, penetrations, and firestopping. 

Fire alarm systems are specialized 
systems installed to protect human life 
and property. Different types of circuits 
are installed and requirements can vary 
between circuits. Initiating device circuits 
detect the presence of fire. Notification 
appliance circuits inform building oc- 
cupants of fire hazards. Signaling-line 
circuits contain both initiating devices and 
notification appliances on the same circuit. 
Class A circuits allow alarm signals to 
override open circuits or ground faults in 
the system. Class B circuits allows circuit 
operation only up the point of the open 
circuit. Circuits can be power-limited or 
non-power-limited. Technicians must be 
aware of installation requirements for 
individual circuits including the different 
type of cables used for each. Fire alarm 
system wiring must be properly tested 
upon completion. 
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Review Questions 


Name Date 
Multiple Choice 
1. Horizontal cabling runs in work areas have a maximum distance of m. 
A. 50 
B5 
C. 90 
DSHS 


2. A(n) serves as the main collection point for a telecommunications system's grounding 
system. 
A. telecommunications bonding busbar (TBB) 
B. equipment grounding busbar (EGB) 
C. secondary bonding busbar (SBB) 
D. primary bonding busbar (PBB) 


3. ^ is the process of installing engineered materials or devices as a barrier in an 
architectural structure to prevent the passage of flames, liquids, or gases through the 
barrier. 

A. Caulking 

B. Firestopping 
C. Sealing 

D. Wrapping 


4. A(n) | system automatically controls functions such as heating, cooling, and ventilating 
(HVAC), lighting, security, process control, and fire/heat detection and alarm. 
A. building automation 
B. electrical 
C. structured cabling 
D. thermostat 


5. A(n) plug is adopted by the Federal Communications Commission (FCC) as the 
standard interface for telephone and data equipment for public networks. 
A. coaxial 
Bare 
C. modular 
DISE 
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6. Most copper installations consist of CAT | cabling. 
A. 5 
B. 5e 
CG 
D.8 


7. А(п) is a short-distance data communication network for a specific user group 
throughout a group of interconnected computers that share common applications, data, 
and peripheral devices. 

A. digital subscriber line (DSL) 

B. integrated services digital network (ISDN) 
C. local area network (LAN) 

D. wide area network (WAN) 


8. An equipment rack is a vertical metal frame rack installed to support larger structured 
cabling equipment and components and is also referred to as a(n) __. 
A. cable management system 
B. cable tray 
C. inner duct 
D. raceway 


9. A(n) is hard-wired telephone service that provides service to single-line telephone 
systems. 
A. local area network (LAN) 
B. digital subscriber line (DSL) 
C. plain old telephone service (POTS) 
D. integrated services digital network (ISDN) 


10. A converts sound pressure waves into a modulated current signal. 
A. handset receiver 


B. handset transmitter 
C. ring conductor 
D. tip conductor 


11. Installed equipment racks must have a clearance of " front and back. 
А. 24 


B. 30 
C36 
D. 48 


12. A _ contains connecting hardware used to patch between groups of cables and 
equipment. 
A. fiber optic transceiver 
B. patch cord 
C. patch panel 
D. work area outlet 
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13. The. publishes ANSI-approved standards regarding the performance specifications 
of telecommunications and electronics systems. 
A. TIA/EIA 


B. NEC? 
C. NFPA 
D. NECA 


14. A. isanopening through a barrier, such as a wall, to allow the passage of pathways, 
raceways, cables, piping, ductwork, and other such systems. 
A. cutaway 
B. cutout 
C. knockout 


D. penetration 


15. A(n)  IDC block uses silver-plated IDC contacts to provide electrical terminations. 


A. BIX 
B.LSA 

C. 110-type 
D. 66-type 


16. ^ is constructed for non-power-limited fire alarm circuits and designed so as not to 
require its installation in a raceway except in certain applications, and can be suitable 
for use in plenums. 

A. Fire power-limited cable 

B. Non-power-limited fire cable 

C. Non-power-limited fire cable—plenum 
D. Non-power-limited fire cable—riser 


17. Visible notification appliances must be installed a maximum distance of — ' from the 
end of a corridor and spaced a maximum distance of — ' apart within the corridor. 
A. 10, 50 
Bats. 75 
C. 15, 100 
D. 20, 100 


18. A(n)  circuitis connected to a fire alarm control panel at only one end of the circuit 
and uses an end-of-line device (resistor or relay) at the other end. 
A. class A 
B. class B 
C. initiating device 
D. signaling line 


19. Smoke detectors mounted on walls must be a minimum distance of ___” from ceilings. 
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20. 


21. 


22. 


23. 


24. 


25. 


A(n) J circuit connects visual and/or audible alarm devices to a fire alarm system. 
A. initiating device 
B. notification appliance 
C. power-limited 
D. signaling-line 


A(n) entrance provides a pathway for conduit, cable trays, and wireways for both 
communication and power circuits. 

A. aerial 

B. tunnel 

C. underground 

D. buried 


The “8P” designated plug and connector indicates there are 8. . 
A. positions for conductors across the width of the device 
B. plugs connected to the same conductor 
C. pünches in the conductor 
D. permanently twisted cables inside a single connector 


A good signal reading on a fiber optic connector is dependent on the — . 
A. integrity of the ferrule 
B. type of connector used 
C. quality of the polish 
D. amount of energy flowing through the fiber optic cable 


Holes are drilled in the bottom of the duct to accommodate a(n) that senses the 
presence of smoke and an exhaust tube that removes air that has been circulated throu gh 
the inlet tube. 

A. end-of-line device 

B. inlet tube 

C. notification device 

D. fan 


A(n). cable is a cable that is used to transmit hi gh-frequency signals and consists 
of a central copper conductor surrounded and held in place by an insulator, which is 
then covered with a braided conductor shield. 

A. shielded-twisted 

B. screened-twisted 

C. insulation-protected 

D. coaxial 


Completion 


11. 


12. 


13. 


14. 
15. 


16. 


D^ 


18. 
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___ cabling typically carries the heaviest telecommunications traffic and is the part of 
the system that interconnects the rooms containing the telecommunications equipment 
within a building. 


is a decrease in signal, power, or lightwave strength. 


A(n) is the ceramic part of a fiber optic connection that holds a fiber in place and 
aids in its connection. 


A(n) is a wiring device that terminates horizontal cabling and provides for connection 
of the user’s communication equipment. 


The is a national organization for electrical and electronics hardware manufacturers 
to promote their products. 


A(n) is an environmentally controlled centralized room for housing structured 
cabling installations. 


The difference between an underground entrance and a buried entrance is that an 
underground entrance to route conductors and cables. 


A(n) is a method of conductor termination that removes the conductor’s insulation 
as the conductor is seated in the connection. 


A(n) is a fitting for a specific size and type of conduit that attaches to the end of 
the conduit, provides for conductor transition from conduit to open space, and provides 
a means to attach a bonding conductor to the fitting. 


A(n)  isanelectrical system that automatically controls опе or more specific facility 
functions. 


A(n) ___ is a physical inspection of the area where the pathway is to be installed. 
Pathway routes must be clear of obstructions. 


A(n).  isapolymeric, metal, or fabric fastener used to organize and bundle multiple 
cables. 


The is a national organization that provides specific guidelines for the prevention 
of fires. 


A(n) is a test instrument that is used to measure cable attenuation. 


A(n) ___ is used to provide a continuous flow of water to different points in a building 
for the purpose of extinguishing fires. 


A(n) _іѕ a telephone system that has multiple buttons requiring the user to directly 
select central office telephone or intercom lines. 


Installed equipment racks must be bonded to the structured cabling grounding system 
with a(n) ____ AWG copper conductor. 


A(n) is an electrical sensing device used to detect excess heat levels within a 
structure. 


A(n) _— is a fire alarm system component used to alert personnel of a fire condition. 
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True-False 


= э c ы 


las) їз ol Гуш 


20. 


21. 
22. 


23. 
24. 


25 


26. 
27. 


28. 


29. 


30. 


11. 


A(n) isthe process of moving, adding, or changing telecommunications equipment 
to an existing group of work areas. 


A(n)____ splice is a splice that utilizes an electric arc to weld two optical fibers together. 


A(n) is a compartment or chamber to which one or more air ducts are connected 
and is part of the air distribution system. 


voltage is unwanted voltage between conductors. 


A(n) circuit connects automatic or manually operated devices to supervisory and 
alarm systems. 


A(n) isa termination block that is used for backbone cabling terminations for voice 
and data systems. 


A(n) is an outlet assembly used to terminate horizontal cable runs. 


____reestablishes the integrity of fire-rated walls, floors, and ceilings after holes have 
been made to allow the passage of cables. 


A(n) ___ smoke detector shuts down the ventilation fan when smoke is present in the 
system. 


Throughout the structured cabling system, technicians commonly use to terminate 
copper wiring. 


Any conductor damage in a class B circuit renders all downstream devices . 


- The main advantage of using wire-mesh cable trays is strength and lightweight construction. 


Typically, only one telecommunications room per floor is required. 


A conduit hanger is a device attached to a structural member to provide support for 
conduits or pipes. 


‚ A shielded twisted-pair (STP) cable is a copper telecommunications cable that consists 


of individually insulated, electrically balanced copper cables. 

Fire alarm systems operate independently of other systems in a facility. 

Basic analog phone systems are typically installed in modern facilities. 

Fiber optic cable is usually placed in the same conduit or duct that contains other cabling. 


Horizontal cabling is cabling routed from a telecommunications room to individual 
work area outlets. 


Fiber optic cabling systems are less expensive to install than copper cabling systems. 


. Conduits for telecommunications cables must not be more than 100’ in length and can 


have no more than two 90? bends in one segment. 


Optical fibers can be made from glass, plastic, or a combination of both. 
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Т Е 12. A raceway is a vertical or horizontal run of telecommunications cable. 


T F 13. Estimates indicate that over 50% of reported errors in structured cabling systems can 
be traced back to some type of cable installation problem. 


Е Е 14. POTS lines can опу be used to receive and place calls. 


E F 15. Cables that are not terminated on both ends or tagged for future use must be removed 
because of the potential for fire hazards. 


T Е 16. A power-limited fire alarm circuit is a circuit that operates up to 150 V (max.). 


T F 17. The operable section of a manual fire alarm pull-box must be installed not less than 
42” above the floor and not more than 48” above the floor. 


1 F 18. When a backboard is installed in a telecommunications room, the “A” side of the ply- 
wood is installed to face the inside of the room. 


ТЕ Е 19. The glass-core diameter of single-mode optical fiber is 50 um to 62.5 um. 


T F 20. Each type of IDC termination block utilizes a specialized tool to place (punch down) 
a conductor into a connector. 


i Е 21. Cable tray supports must typically be installed within 2' of the end of the cable tray 
and at section joints. 


T F 22. A notification appliance is a fire alarm system component that transmits a change of 
condition to a fire alarm control panel to indicate an alarm condition. 


JE F 23. Heat detectors cannot be used to replace smoke detectors. 
F 24. Non-power-limited fire alarm cables can be installed as exposed wiring in ducts or 
plenums. 
T F 25. A grounding system for structured cabling is separate from the building distribution 


system grounding. 


T F 26. Fire pump wiring does not have to be independent of other wiring. 

T je 27. Both mineral-insulated or circuit-integrity cables can be installed as part of a fire alarm 
system. 

T. Е 28. А class B circuit is а fire alarm circuit that is connected to a fire alarm control panel at only 


one end of the circuit and uses an end-of-line device (resistor or relay) at the other end. 
T E 29. Heat detectors mounted on ceilings must be a distance of 4” or further from any walls. 


E Б 30. A smoke detector monitors ions, or electrically charged particles. 
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Short Answer 


1. List five guidelines for successful cable routing. 


2. List six factors that determine firestopping performance. 


3. List six guidelines for mounting manual fire alarm stations. 


4. List six guidelines for mounting a photoelectric smoke detector. 


5. List three guidelines for mounting a heat detector. 
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Causes of Cable Failure/Signal Reduction/Transmission Problems 


. Bent past minimum bend radius 

. Cable knots 

. Cable twisted 

. Not maintaining proper line twist 

. Overstretched cable 

. Overstretched through cable support 
. Overtightened cable ties 


. Staples driven too tight 


© 00 NBD Un A U N = 


. Too much cable jacketing removed 


440 Commercial and Industrial Wiring 


Causes of Fiber Optic Signal Loss 


1. Angular misalignment 
2. Axial misalignment 


3. Excessive end separation 


4. Rough ends 


0000707070000 04 
SSS OSS oS SOS STO 


"POs а 
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Fiber Optic Cable Types 


1. Multimode cladding 

2. Multimode core 

3. Multimode outer jacket (orange or gray) 
4. Single-mode cladding 


5. Single-mode core 


6. Single-mode outer jacket (yellow or blue) 


250 um 


Industry Standards and Organizations 


Conductor Insulation Designations 
CSI Division Numbers and Titles 
Industrial Electrical Symbols 
Motor Frame Table 

Motor Frame Letters 
Conductor Properties 

Radius of Conduit Bends 

Units of Energy 

Units of Power 

Box Fill 

Nonlocking Wiring Devices 


Electrical/Electronic Abbreviations/Acronyms 


454 


455 
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. INDUSTRY AND STANDARDS ORGANIZATIONS . . . 


Tests equipment and products to verify conformance to national 
codes and standards 


Factory Mutual (FM) 
www.fmglobal.com 


Focuses on interpretation of the National Electrical Code® and 
teaches safe installation and use of electricity 


International Association of Electrical Inspectors (IAEI) 
www.iaei.org 


Administers the International Building Code? including building 
materials, building systems, energy efficiency, fire protection 
systems, and structural design 


International Code Council (ICC) 
www.iccsafe.org 


National Electrical Installation Standards (NEIS) 
National Electrical Contractors Association (NECA) 
www.neca-neis.org 


Standards developed by NECA in partnership with other industry 
organizations; all NEIS are submitted for approval to ANSI 


National Electrical Manufacturers Association (NEMA) 
www.nema.org 


Provides standards for manufacturers of electrical equipment 


Defines standards by which electrical equipment is deemed 
safe and reliable; also provides training for and certification 
of electrical testing technicians 


InterNational Electrical Testing Association (NETA) 
www.netaworld.org 


Provides standards for most international installations and some 
domestic installations 


International Electrotechnical Commission (IEC) 
www.iec.ch 


Provides guidance in assessing hazards of products of 
combustion; publishes the National Electrical Code®; develops 
hazardous materials information 


National Fire Protection Association (NFPA) 
www.nfpa.org 


Coordinates and encourages activities in national standards 
department; identifies industrial and public needs for standards: 
acts as national coordinator and clearinghouse for consensus 
standards 


American National Standards Institute (ANSI) 
www.ansi.org 


Provides guidance in all electrical and electronic systems 
including aerospace systems, computers and telecommunications, 
biomedical engineering, electric power, and consumer electronics 


The Institute of Electrical and Electronics Engineers (IEEE) 
www.ieee.org 


Mine Safety and Health Administration (MSHA) 
www.msha.gov 


Develops and enforces safety and health rules for mines 
and for certain equipment that may be used in other locations 


Develops and enforces safety and health rules for most public 
and private workplaces; provides training, outreach, 
education, and assistance 


Occupational Safety and Health Administration (OSHA) 
www.osha.gov 
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. . . INDUSTRY AND STANDARDS ORGANIZATIONS 


x r Acts in conjunction with OSHA to develop recommended exposure 
Кин Nios for Occupational Safety and limits for hazardous substances or conditions located in the 
; workplace; recommends preventive measures to reduce or 
www.cdc.gov/niosh M 
eliminate adverse health and safety effects 


Underwriters Laboratories Inc. (UL) Tests equipment and products to verify conformance to national 
www.ul.com codes and standards 


Canadian Standards Association (CSA) Tests equipment and products to verify conformance to Canadian 
WWW.CSa.ca codes and standards 


CONDUCTOR INSULATION DESIGNATIONS 
hade None Letter Designation — 


Fluorinated ethylene propylene FEB or FEPB 


Mineral insulation (metal-sheathed) 


* switchboard wiring only 


444 Commercial and Industrial Wiring 


CSi DIVISION NUMBERS AND TITLES 
осиети! ond Conliscing fequeenwnis Group 


Ss) Procurement and Contracting Requirements 


| Speeincolions Group 


General Requirements General Requirements 


Existing Conditions 

Concrete 

Masonry 

Metals 

Wood, Plastics, and Composites 
Thermal and Moisture Protection 
Openings 

Finishes 

Specialities 

Equipment 

Furnishings 

Special Construction 

Conveying Equipment 

Reserved 
Reserved 
Reserved 
Reserved 
Reserved 


Reserved 
Fire Suppression 
Plumbing 
Heating, Ventilating, and Air Conditioning (HVAC) 
Reserved 

Integrated Automation 

Electrical 

Communications 

Electronic Safety and Security 

Reserved 


Facility Construction 


Facility Services 


Reserved 
Earthwork 

Exterior Improvements 
Utilities 

Transportation 
Waterway and Marine Construction 
Reserved 
Reserved 
Reserved 
Reserved 


Site and infrastructure 


Process Interconnections 
Material Processing and Handling Equipment 

Process Heating, Cooling, and Drying Equipment 

Process Gas and Liquid Handling, Purification, and Storage Equipment 
Pollution and Waste Control Equipment 

Industry-Specific Manufacturing Equipment 

Water and Waste Water Equipment 

Reserved 

Electrical Power Generation 

Reserved 


Process Equipment 
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INDUSTRIAL ELECTRICAL SYMBOLS . 


Commerc ond Underground Electrica! Diumbusen 
Industrial Systems or Electrical Lighting Systems 


PAGING SYSTEM DEVICE MANHOLE LIGHTING PANEL 


POWER PANEL 


WIRING — CONCEALED 
IN CEILING OR WALL 


TRANSFORMER- 


COMPUTER DATA MANHOLE OR VAULT 


SYSTEM DEVICE WIRING — CONCEALED 


IN FLOOR 


TRANSFORMER PAD 
WIRING EXPOSED 
PRIVATE TELEPHONE 


FIRE ALARM HANDHOLE 
SYSTEM DEVICE -] 


SYSTEM DEVICE 


UNDERGROUND HOME RUN TO 
DIRECT BURIAL CABLE PANELBOARD 

Indicate number of circuits 

SOUND SYSTEM —] by number of arrows. Any 

circuit without such designation 
UNDERGROUND indicates a two-wire circuit. For 
DUCT LINE a greater number of wires indicate 

| FACP | 


as follows: —+//~ (3 wires) 


FIRE ALARM 
CONTROL PANEL [ ЕАСР | 11-1 (4 wires), etc. 
STREET LIGHT 
STANDARD FED FROM 
UNDERGROUND CIRCUIT FEEDERS 
Use heavy lines and 
designate by number 
| corresponding to 
listing in feeder 


Distribution or Lighting Systems schedule 


FLUSH-MOUNTED — э _ WIRING TURNED UP 
PANELBOARD 


AND CABINET 


STREET LIGHT WIRING TURNED DOWN 


SURFACE-MOUNTED AND BRACKET 
PANELBOARD 
AND CABINET GENERATOR 


PRIMARY CIRCUIT 


MOTOR 


SECONDARY CIRCUIT 


Busducts and Wireways ЕЕЕ БИ 


DOWN GUY 
SERVICE FEEDER, 
OR PLUG-IN B] [B] JB) TRANSFORMER 
BUSWAY 
HEAD GUY 
CONTROLLER 
CABLE THROUGH 
LADDER OR ICI [cl То 
CHANNEL SIDEWALK GUY EXTERNALLY OPERATED 
DISCONNECT SWITCH 


WIREWAY wi {wi iwl SERVICE WEATHERHEAD PULL BOX 
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. . . INDUSTRIAL ELECTRICAL SYMBOLS... 


Cimu Cwcull fueaver Crew) reae Clete Cracker 


ШД) а! 
inherent on Therma Ot gr dg P 


NORMALLY NORMALLY 
OPEN CLOSED 


TIME (o 
PO o0 
HELD HELD 
CLOSED OPEN 


Speed (Plugging) 


— ~ -—— ] STATIC SWITCHING CONTROL IS A METHOD OF SWITCHING 
ELECTRICAL CIRCUITS WITHOUT USE OF CONTACTS, 
PRIMARILY BY SOLID-STATE DEVICES. USE SYMBOLS 
SHOWN IN TABLE AND ENCLOSE THEM IN A DIAMOND. 


INPUT COIL OUTPUT NO LIMIT SWITCH NO LIMIT SWITCH NC 


wv 67 


BUTTON BUTTON 


FREE | DEPRESSEDIFREE [DEPRESSED 


EXIT ue 
EN — 


Maintained Contact Illuminated 


ONE 
DOUBLE 
CIRCUIT 


О © 


СЕЕ 


"BH NT 


SPST 


SINGLE-POLE, 
SINGLE-THROW 


SPDT 


SINGLE-POLE, 
DOUBLE-THROW 


DPST 


DOUBLE-POLE, 
SINGLE-THROW 


DPDT 


DOUBLE-POLE, 
DOUBLE-THROW 


NO 
NORMALLY OPEN 


NC 
NORMALLY CLOSED 


AMMETER VOLTMETER 
AMPERE HOUR VARMETER 
MICROAMMETER VARHOUR METER 
MILLAMMETER WATTMETER 
POWER FACTOR WATTHOUR METER 
VOLTMETER 
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LINE MARKINGS 


MOTOR RUNNING 
OVERCURRENT 
UNITS IN 


FOR REVERSING 
INTERCHANGE LINES 


51912 


L1 IS ALWAYS 
UNGROUNDED 


1 ELEMENT 
2 ELEMENT 
3 ELEMENT 
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Motor Frame Table 
Third/Fourth Digit of Frame No. 


thé fau Digli ef Кт» Ain 


зт... п " o TU " 13 
soo | ooo | 100 | 11.00 | 1250 | 1400 
: [ 1000 | иф | 1250 | 1400 | 1600 | 1800 
[1800 | 450 | зоо | юш | 110 | 1250 | 1400 | 1600 | 1800 | 
_ 2% | so [| wo | no | — | — | — | - | - 7 


19 [И] 17 


го | го 
№ | 
olo 
ala 
a | iv 
о |ә 
е | =k 
2[o 
ce 
ojo 
+ | + 
N| = 
ala 
ojo 
-— 
N 
e 
o 
— 
2 
o 
© 
— 
D 
o 
o 
-— 
29 
o 
o 


250 6.25 12.50 14.00 16.00 18.00 20.00 22.00 25.00 28.00 
320 8.00 16.00 18.00 20.00 22.00 25.00 28.00 32.00 36.00 
360 | 900 | 18.00 20.00 22.00 25.00 28.00 32.00 36.00 40.00 
400 10.00 20.00 22.00 25.00 28.00 32.00 36.00 40.00 45.00 
440 11.00 22.00 25.00 28.00 32.00 36.00 40.00 45.00 50.00 


500 12.50 25.00 28.00 32.00 36.00 40.00 45.00 50.00 56.00 
580 14.50 28.00 32.00 36.00 40.00 45.00 50.00 56.00 63.00 
17.00 36.00 40.00 50.00 56.00 63.00 71.00 80.00 
BASE-TO-SHAFT 
CENTER LENGTH OF SHAFT 


DIAMETER 


Motor Frame Letters OF SHAFT 


Designation 
Gasoline pump motor 
Sump pump motor 
Oil burner motor 
Standard short shaft for direct connection 
Standard dimensions established 


U Previously used as frame designation for 
which standard dimensions are established 
Y 


B 
—p—— | CENTER OF 


Special mounting dimensions required MOUNTING HOLES 
from manufacturer FRAME WIDTH je Ea TO END OF MOTOR 
Т : В CENTER OF SHAFT 
Standard mounting dimensions except 
2 shaft extension TO CENTER OF CENTER OF MOTOR TO 


MOUNTING HOLES CENTER OF MOUNTING HOLES 
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CONDUCTOR PROPERTIES 
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RADIUS OF CONDUIT BENDS 
Ore Shot onit 


UNITS OF ENERGY 


mn 


British 

thermal unit 1 777.9 | 1.056 0.252 2.930 х 10-4 
Foot-pound 1:265. хоз 1 | 1.356 3.240 x 10-4 3.766 x 1077 
Joule 9.481 x 10-4 0.7376 1 2.390 x 10-* 2078 x 10:7 
Kilocalorie 3.968 `| 8.086 4.184 1 12163. x 1023 
Kilowatt-hour 3.413 2.655 x 10° 3.6 x 10% 860.2 1 


UNITS OF POWER 


Watt 0.7376 | 0.341 x 10? 


Foot-pound/sec 
Horsepower 
Kilowatt 


Appendix 453 


BOX FILL 
Maximum Number nl Conduction  Oullel, Device, and Junction Boxes 
Trade Ste or type м Jy" Wed На. та Wo WA Nata Na 10 


4 x 1% round or octagonal 
4 x 1% round or octagonal 
4 x 2¥ round or octagonal 
4 x 1% square 

4 x 1% square 

4 x 2% square 

4s x 174 square 

4'^s x 174 square 

41% x 1% square 

3x2 x 1% device 

3x2 x 2 device 

3 x 2 x 2% device 

3 x 2 x 2% device 

3 x 2 x 2% device 

3x2 x 3% device 

4 x 2V x 112 device 

4 x 27 x 1% device 

4 x 2% x 2%% device 

394 x 2 x 2% masonry box/gang 


3% x 2 x 3!» masonry box/gang 
If one or more cable clamp is in a box, it is counted the same as the largest conductor. A loop of conductor 12" or more counts as two conductors. 
Conductor Volume Allowance 
Volume Bex! Formule 


Wire Size (AWG) 


V=LxWxD 


Ooo DE 
| 

(Volume = Length x width x depth! ) 
DENEN  - . 


To find the box size needed, add up total volume for all wires to be used. Then use the volume formula. Example: If total volume of all wires is 420 in.?, use an 
8" x 10" x 6" box (8 x 10x 6 = 480 in.?). 


* in in. 
tin in.? 
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NEMA 
АБЧ 


5-15 
(77980 


5-20 
C73.12 
5-30 
C73.45 
5-50 
C73.46 


6-15 
C73.20 


6-20 
C73.51 
6-30 
C73.52 


NONLOCKING WIRING DEVICES 


RUM 


Receptacle 
Configuration 


NEMA 
ANSI 


Т 


С73.55 


11-30 
С73.56 


11-50 
С73.57 


ЕСЕ 
| 


30A 
277N 


20A 
277V 


50 A 
лу 


3oY 
120/208 V 


120/208 V 


30A 
3oY 
120/208 V 


3-Pole. -Whe 


Receptacle 


Receptacle 
Configuiation 


Ф 
120/208 V 


Rating 


20A 
125/250 V 


30A 
125/250 V 


50A 
125/250 V 


15A 
39250 V 


20A 
30250 V 


30 A 
30250 V 


50 A 
30250 V 


Rating 


15A 
125/250 V 


20A 
125/250 V 


30A 
125/250 V 


50 A 
125/250 V 


60A 
125/250 V 


15A 
39250 V 


20A 
30250 V 


30A 
30250 V 


50 A 
39250 V 


60A 
30250 V 
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ELECTRICAL/ELECTRONIC ABBREVIATIONS/ACRONYMS . . . 


Abbr; Meaning Abbi/ 


Acronym 


| 


| 
| 
| 


Double-Pole, Single-Throw 
Drum Switch 
Double-Throw 

Digital Voltmeter 


Ammeter; Ampere; Anode; Armature DPST 


> 
[9] 


Alternating Current 


| AC/DC 


о 
= 


[02] 


Alternating Current; Direct Current 
Analog to Digital 


= 
Ө 


DV 
EMF Electromotive Force 
Fahrenheit; Fast; Forward; Fuse; Farad 


= 


Audio Frequency 
AF 


[9] 


Automatic Frequency Control 


Ag Silver EET Field-Effect Transistor 
ALM | А!агт ЕЕ Flip-Flop 
AM Ammeter; Amplitude Modulation FLC Full-Load Current 


AM/FM 
ARM 


т 


Amplitude Modulation; Frequency Modulation FLS Flow Switch 
Full-Load Torque 


> 


Frequency Modulation 


> 
c 


c 
ISIS Е 


T 
т 


Frequency 

Float Switch 

Foot Switch 

Fuse 

FWD Forward 

Gate; Giga; Green; Conductance 


AV 
AW 
BAT. 
BCD 
BJT 


m 


21121312" 
o m esl 


Ui 
AIS 


T^. 


Generator 


Ground 
Gray 
Henry; High Side of Transformer; Magnetic Flux 


QO 
> 
U 


High Frequency 


L 
70 


ЕС т 
2 


Ногѕеромег 
Hertz 
Current 


| 


Integrated Circuit 
INT Intermediate; interrupt 
О 


Instantaneous Overload 


~ 


CKT 
Infrared 
ITB Inverse Time Breaker 


CPS ITCB Instantaneous Trip Circuit Breaker 
CPU Joule 

B Junction Box 
CRM Control Relay Master JFET . Junction Field-Effect Transistor 


Kilo; Cathode 
kilowatt-hour 


Current Transformer 


- 


оо 


Clockwise үү 


Diameter; Diode; Down Line; Load; Coil; Inductance 
LB-FT Pounds Per Foot 
LB-IN. Pounds Per Inch 


Inductance-Capacitance 


g 
» 


Digital to Analog 


Dynamic Braking Contactor; Relay 


© 


|= cmc 
E 


Direct Current 
Diode LCD Liquid Crystal Display 

Disconnect Switch LCR Inductance-Capacitance-Resistance 
Digital Multimeter BED Light-Emitting Diode 

Double-Pole LRC Locked Rotor Current 


Double-Pole, Double-Throw 


DISC. 


SiS 
С 
| 


ОРОТ 
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ELECTRICAL/ELECTRONIC ABBREVIATIONS/ACRONYMS 
Meaning 


Radio Frequency 
Rheostat 


Root-Mean-Square 


Meaning 


Motor; Motor Starter; Motor Starter Contacts 


AX. Maximum 


Magnetic Brake 


Motor Circuit Switch 


RF 
RH 


= 


Read-Only Memory 


Revolutions Per Minute 


Revolutions Per Second 
Series; Slow; South; Switch; Second; Siemen 


RPS 
Medium S 


SF 
TNT 


MOSFET Metal-Oxide Semiconductor Field-Effect Transistor | SOC 


TR SOL 
North; Negative; Number of Turns SP 

NG SPDT 
NTDF sw 
T 
OCPD Overcurrent Protection Device TB 
HM Ohmmeter 3 PH; 36 
- то 
OZIN. TDF 
TEMP 
THS 
н тп 


Silicon-Controlled Rectifier 


Secondary 


illi | 
mio 
zEjo 


RU 


RU 


LS Plugging Switch U 


UCL 
H 
UJT 


Positive-Negative-Positive Unclamp 


Positive 


= 
RE] 


Ultrahigh Frequency 


POT. Potentiometer 
Peak-to-Peak 


Primary Switch 


Unijunction Transistor 


= 
= 


i 


Ultraviolet; Undervoltage 
Violet; Volt 


Pressure Switch VA Voltampere 
PSI Pounds Per Square Inch VAC Volts Alternating Current 
PUT Pull-Up Torque VDC Volts Direct Current 


Transistor; Quality Factor Very High Frequency 


Very Low Frequency 


Radius; Red; Resistance; Reverse 


RAM Random-Access Memory Volt-Ohm-Milliammeter 
RC Resistance-Capacitance Watt; White 
RCL Resistance-Inductance-Capacitance With 


E 
RES 
REV 


Rectifier 


2 
© 


Low Side of Transformer 


Resistor Yellow 


Reverse Impedance 


Acceptance Testing Specifications: Provide test crite- 
ria that can be applied to recently installed electrical 
equipment and systems to determine their suitability 
for acceptance by the project owner. 

AC voltage: Voltage that reverses its direction of electron 
flow (current) at regular intervals. 

adjustable circuit breaker: A circuit breaker that has 
mechanisms for time and current that can be manually 
adjusted. 

aerial entrance: An entrance that is placed overhead. 


alternating current (AC): Current in which electrons 
reverse their direction of flow at regular intervals. 

alternation: Half of a cycle. 

American National Standards Institute (ANSI): A 
national organization that helps identify industrial and 
public standards requirements. 

ammeter: An electrical test instrument that measures the 
amount of current in an electrical circuit. 

ampacity: The current-carrying capacity of a conductor, 
expressed in amperes (A). 

ampere (A): A unit of measure related to the number of 
electrons passing a given point in one second. 

ampere rating: The maximum amount of current a fuse 
or circuit breaker can continuously carry. 

anchorage: A secure point of attachment to a fixed object 
capable of safely supporting an individual in the event 
of a fall. 

angle pull: When conductors are pulled into a box and 
routed to a raceway on entering an adjacent wall in 
the box. 

antishort bushing: A plastic or heavy cardboard device 
used to protect the conductors in armored cable. 

apparent power (P,): The product of the voltage and 
current in a circuit calculated without considering any 
phase shift between the voltage and the current. 

appliance branch circuit: A branch circuit that supplies 
multiple outlets, but not lighting outlets. 

approved installation: An installation that the Authority 
Having Jurisdiction (AHJ) has reviewed, including con- 
ductors, equipment, and installation, and has concluded 
to be acceptable. 

arc: A sustained discharge of electricity across a gap in a 
circuit or between electrodes. 


arc chute: A device located over and around contacts 
to cool and extinguish an electrical arc when contacts 
open under load. 


arc flash hazard: A dangerous condition associated with 
the release of energy caused by an electric arc. 


arc-rated clothing: Clothing designed to protect the 
wearer from the extremely short but intense energy 
releases of an arc flash. 


arc-rated hood: An eye and face protection device that 
covers the entire head and is used for protection from 
an arc flash. 


architect's seal: An embossed stamp or insignia affixed 
to the construction drawing that signifies that a licensed 
professional architect has reviewed and approved the 
project drawings. 

architectural engineering (AE) firm: A licensed firm 
that provides both architectural and engineering design 
services for a given project. 

armored cable (type AC): A cable that is a fabricated 
assembly of insulated conductors in a flexible metal 
enclosure. 

as-built drawing: A final drawing prepared by an AE firm 
and turned over to the building owner at the conclusion 
of the project to accurately reflect the completed project. 

assured equipment grounding conductor program 
(AGP): A written procedural program of tests used to 
verify the integrity of the EGC in receptacles used in 
temporary power, extension cords, and portable corded 
power tools. 

atom: The smallest particle that an element can be reduced 
to that keeps the properties of that element. 

attachment plug: A device that, when inserted in a re- 
ceptacle, makes a connection between the conductors 
in an electrical receptacle and an attached flexible cord. 

attenuation: A decrease in signal, power, or lightwave 
strength, measured in decibels (dB). 

authority having jurisdiction (AHJ): The organization, 
office, or individual who is responsible for approving 
the equipment and materials used for electrical wiring 
installation. 

automatic transfer switch: A switch that automatically 
transfers electric power for a system from one source 
to another. 

auxiliary gutter: A sheet metal or nonmetallic enclosure 
equipped with hinged or removable covers that is used 
to supplement wiring space. 


457 


458 Commercial and Industrial Wiring 


B 


backboard: A plywood board used for mounting struc- 
tured cabling support equipment. 

backbone cabling: Cable and hardware used to provide 
interconnection between telecommunications rooms, 
equipment rooms, and entrance facilities. 


bar-chart schedule: A schedule that uses horizontal bars 
to indicate the progress of various tasks. 


barrier: A sheet of insulating material placed between 
the contacts of each phase. 


battery back-up system: A utility-interactive renewable 
energy system that switches to a stand-alone mode in 
the event of a utility outage. 


battery charger: An electrical component that rectifies 
120 VAC into the appropriate level of DC voltage for 
charging portable batteries. 


battery-powered cable cutter: A tool designed to cut 
various diameters of electrical cables. 

bed section: The lower section of an extension ladder. 

Belleville washer: A disk-shaped, spring-type locking 
device used to apply clamping pressure around the 
entire arc of a bolted connection. 


bend radius: The radius of a curve of any bend to the 
centerline of a conduit. 


blueprint: A set of drawings showing dimensions and 
materials for a structure or building project. 


body belt (safety belt): A device that is worn around 
the waist that aids in securing workers in awkward 
positions. 


body harness: A fall protection device worn by a work- 
er that consists of straps that are secured evenly to 
the body to more evenly distribute the weight forces 
during a fall. 


bonding: The permanent joining of metallic parts to form 
an electrically conductive path that has continuity and 
the ability to safely conduct electrical ground-fault 
current. 

bonding jumper: A connection between two or more 
portions of equipment grounding. 

box: A device that is used to provide access points for 
routing conductors into raceways and conduit for ter- 
mination of cable systems. 

box fill: The volume occupied by conductors, components, 
and devices within a box. 

box volume: The volume of an electrical box plus the 
volume of any other box components. 

branch circuit: A circuit that is part of an electrical wiring 
system between the final set of circuit breakers or fuses 
and the fixtures and receptacles. 


break line: A line that is used on a drawing to show an 
object that is too long to be shown on a sheet or that 
does not require its full length to be shown. 

building automation system (BAS): An electrical system 
that automatically controls one or more specific facility 
functions. 

bump test: The momentary energizing of a motor before 
it is coupled to the load to observe the direction of 
rotation. 

buried entrance: An entrance that is located in an un- 
derground trench with conductors directly covered 
by earth. 

busbar: A conductor in the form of a bar or a rod. 

bushing: An insulating tube or sleeve that protects an elec- 
trical conductor where it passes through a hole. 

bus or power transfer switch: A switch that is used to 
monitor equipment attached to a utility line and switch 
the power source automatically if the primary source 
of current fails. 

busway: A sheet-metal enclosure that contains factory- 
assembled busbars that are supported on insulators. 
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cabinet: A flush- or surface-mounted enclosure used for 
housing electrical components, devices, and conductor 
connections. 

cable: A factory assembly of two or more conductors 
having an overall covering. 

cablebus: A method of power distribution that uses con- 
ductors that are supported and arranged by phase in a 
ventilated metal enclosure. 

cable protector: A device used to protect cables and cords 
routed over floors from foot and vehicular traffic. 

cable stripper: A tool used to strip insulation from cables 
with outside diameters from 1⁄4” to 114”. 

cable tie: A plastic, metal, or fabric fastener used to or- 
ganize and bundle multiple cables. 

cable tie gun: A handheld device that is used to tighten 


plastic or steel cable ties around a bundle of wires or 
small-diameter cables. 


cable tray: An open metal or nonmetallic frame used to 
support electrical conductors. 

capacitance (C): The ability of a component or circuit to 
store energy in the form of an electrical charge. 

capacitive circuit: A circuit in which current leads voltage 
(voltage lags current). 


capacitive reactance (X с): The opposition to current flow 
by a capacitance. 


capacitor: An electrical device that stores electrical 
energy by means of an electrostatic field. 


cellular concrete floor raceway: A hollow space in a 
precast cellular concrete slab used to construct floors. 


cellular metal floor raceway: A hollow space in a 
metal floor designed for use in steel-frame buildings. 


centerline: A line used on a drawing or print to indicate 
an axis of symmetry. 


change order: A document that is used to initiate and 
keep track of changes to the original work. 


channel cable tray: A cable tray consisting of a fab- 
ricated, one-piece structure. 


chase nipple: A conduit fitting that is used to couple 
boxes back to back. 


circuit: А continuous conductive path through which 
electric current flows. 


circuit breaker: A device that opens and closes a circuit 
by nonautomatic means, and automatically opens 
a circuit when a predetermined current overload is 
reached without damage to itself. 


circuit-integrity (CI) cable: А cable that consists of 
a flame-retardant jacket with a fire barrier tape and 
foil shield wrapped around insulated conductors. 


clamp-on ammeter: A test instrument that measures 
current in a circuit by measuring the strength of the 
magnetic field around a single conductor. 


class A circuit: A fire alarm circuit in which the con- 
ductors return from the last device to the fire alarm 
control panel (FACP). 

class B circuit: A fire alarm circuit that is connected 
to a fire alarm control panel at only one end of the 
circuit and uses an end-of-line device (resistor or 
relay) at the other end. 

Class I location: A hazardous location in which suf- 
ficient quantities of flammable gases and vapors are 
present in the air such that an electrical spark or heat 
produced by electrical equipment could cause an 
explosion or ignite the hazardous material. 

Class II location: A hazardous location in which suffi- 
cient quantities of combustible dusts are suspended in 
the air such that an electrical spark or heat produced 
by electrical equipment could cause an explosion or 
ignite the hazardous material. 

Class III location: A hazardous location in which suf- 
ficient quantities of easily ignitable fibers or flyings 
are present in the air, but not in a sufficient quantity 
to cause an explosion or ignite hazardous materials. 

cleaving: The process of cleanly cutting a glass fiber 
at 90*. 
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coaxial cable: A cable that is used to transmit high-fre- 
quency signals and consists of a central copper conduc- 
tor surrounded and held in place by an insulator, which 
is then covered with a braided conductor shield. 

code: A collection of regulations and requirements devised 
to maintain uniformity of work and proper standards of 
procedure. 

combination transfer switch: A switch that can function 
as either a manual transfer switch or an automatic trans- 
fer switch, depending on the mode of operation. 

combustible material: A material that can ignite and 
sustain a flame. 

computer-aided design (CAD): The design and draft- 
ing of a component, member, or structure by using a 
computer. 

conductor: A material that allows electrical current (elec- 
trons) to flow through it. 

conductor fill: The maximum percentage of cross-sec- 
tional area that can be occupied by conductors inside 
a raceway. 

conductor shield: A nonmagnetic material used to even 
out dielectric stresses around the conductor. 

conduit: A tube or pipe used to contain and protect elec- 
trical conductors. 

conduit bender: A device used to bend certain types of 
conduit in order to follow walls or clear obstructions. 

conduit body: A conduit fitting that provides access to the 
raceway system through a removable cover at a junction 
or termination point. 

conduit fitting: A conduit accessory used to connect 
sections of conduit. 

conduit hanger: A device attached to a structural member 
to provide support for conduits or pipes. 

conduit nipple: A short piece of threaded conduit or tubing 
that does not exceed 24" in length and is used to connect 
one box or enclosure to another. 

conduit seal: A fitting inserted into conduit to isolate 
certain electrical apparatuses from atmospheric hazards. 

condulet®: A conduit body that is designed to provide 
access to conductors and create corners in conduit runs. 

confined space: A space large enough that an employee 
can physically enter and perform assigned work, but has 
limited or restricted means for entry and exit, and is not 
designed for continuous employee occupancy. 

Construction Specifications Institute (CSI): A nonprofit 
organization that provides standardized specifications 
for building construction. 

contact device: A device in which physical contact must 
be made with another device to allow electrical current 
to be passed on to the load. 
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contactor: A relay that uses a small control current to en- 
ergize or de-energize a large load. 

continuity: The presence of a complete path for current flow. 

continuity test: A test that determines whether a circuit has 
a complete path for current to flow. 

convenience outlet: A receptacle outlet that is installed for 
general-purpose use. 

copper cable: A low-voltage telecommunications cable 
that is composed of copper and used to transmit electrical 
current. 

cord connector: A receptacle device used on the end of a 
flexible cord to accept an attachment plug. 

corrosion-resistant enclosure: An enclosure constructed to 
provide protection against exposure to corrosive agents. 

coupling: A short collar or pipe with female threads at 
each end. 

covered conductor: A conductor that is covered with a 
material that is not recognized by the NEC? as an insu- 
lation material. 

crimped connection: A connection in which a stranded 
conductor is mechanically crimped to a connector. 

critical branch: A branch of an electrical distribu- 
tion system that supplies selected systems related to 
patient care. 

critical care area: An area where patients undergo invasive 
medical procedures and are connected to line-operated 
electromedical components. 

current (I): The flow of electrons through an electrical 
circuit. 

cutout box: A surface-mounted electrical enclosure that 
houses fuseholder blocks, fuses, and circuit breakers. 

cutting oil: Lubricant applied to metal during drilling or 
threading to reduce the ambient temperature. 

cutting plane line: A heavy broken line on a drawing with 
perpendicular arrows and letters or numbers at each end. 

cycle: One complete positive and negative alternation of a 
sine wave. 
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damp location: A partially protected area subject to some 
moisture. 

DC voltage: Voltage where electrons flow (current) in one 
direction only. 

decibel (dB): A unit of measure used to express the relative 
intensity of sound. 

design/bid/build process: A project delivery method in 
which an architectural engineering firm provides facility 
design, drawings, and specifications and a general con- 
tractor provides facility construction. 


design/build process: A project delivery method in which 
one firm provides the design, drawings, specifications, 
and facility construction. 

designer-builder: A builder that contracts with the facility 
owner to provide both architectural engineering design 
services and construction services. 

destination code system: A numbering code system that 
uses a letter and number combination on a conductor 
to indicate the origination and termination points of the 
conductor. 

detail drawing: A drawing showing a small part of a plan, 
elevation, or section view at an enlarged scale. 

device: A unit in an electrical system designed to conduct, 
but not use, electrical energy. 

device box: A box used to house an electrical device. 

device classification: A name assigned by NEMA based 
on the device purpose, application, and ratings. 

digital multimeter (DMM): An electrical test instrument 
that can measure more than one electrical property. 

digital subscriber line (DSL): A telecommunications line 
that provides the ability to combine current analog tele- 
phone signals with high-speed digital computer services. 

dimension line: A line used on a drawing or print to indi- 
cate the dimension of a part or member. 

direct current (DC): Current in which electrons flow in 
only one direction. 

Division 1 location: A location where flammable gases 
or combustible dusts can be present under normal 
conditions. 

Division 2 location: A location where hazardous substanc- 
es could be present, but are not under normal conditions. 

double-insulated tool: A tool designed so that a single 
ground fault cannot cause a dangerous electrical shock 
through any exposed parts of the product that can be 
touched by a technician. 

double-pole switch: A switch with two blades and contacts 
for opening or closing both sides of an electrical circuit 
simultaneously. 

double-throw switch: A switch that can change circuit 
connections by moving the switchblade into one of two 
operating positions. 

drawing note: A note on a drawing that contains infor- 
mation specific to the drawing on that particular page 
or sheet. 

drawing scale: A system of drawing representation in 
which drawing elements are proportional to actual 
elements. 

D-ring: A structured cabling support device used to support 
small bundles of cables on plywood backboards. 


driptight enclosure: An enclosure that does not allow 
falling moisture or dirt to enter the enclosure. 

drop head die: A die that is of a certain size and used to 
fit inside a ratcheting handle. 

dry location: A location that is not normally damp or wet. 

dry-type transformer: An electrical transformer in which 
the core and coils are immersed in a gaseous or dry 
insulating medium. 

dual-voltage motor: A three-phase electric motor that is 
capable of operating on more than one system voltage. 

duct smoke detector: A smoke detector used in an HVAC 
system to provide early detection of smoke and products 
of combustion present in air moving through ducts. 

duplex receptacle: A receptacle that has two contact 
devices mounted on the same yoke. 

dust-ignition-proof apparatus: An apparatus that pro- 
vides protection by excluding ignitable amounts of dust 
into an enclosure. 

dusttight enclosure: An enclosure that does not allow 
circulating or airborne dust to enter the enclosure. 


earplug: A hearing protection device made of moldable 
rubber, foam, or plastic and inserted into the ear canal. 

earmuffs: A hearing protection device worn over the 
ears that limits noise by forming a tight seal around 
the ears. 

effective ground-fault current path: A grounding path 
that contains very little opposition to the flow of fault 
current back to the source and allows the fuse or circuit 
breaker to operate. 

electric conduit bender: A type of bender that uses an 
electric motor to rotate a series of shoes that fabricate 
conduit bends. 

electrical floor plan: А plan view used to show power 
distribution components and devices. 

electrical-hazard-rated (EH-rated) footwear: Foot- 
wear manufactured with nonconductive electrical- 
shock-resistant soles and heels. 

electrical insulating gloves: Gloves made of dielectric 
rubber that are used to provide maximum insulation 
from electrical shock caused by contact with energized 
equipment. 

electrical metallic tubing (EMT): A lightweight tubular 
steel raceway without threads on the ends. 

electrical nonmetallic tubing (ENT): A nonmetallic, 
corrugated conduit that is pliable enough to be bent 
by hand. 
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electrical service: Conductors and equipment used to 
deliver electrical energy (power) from the secondary 
distribution or street main to the wiring system of the 
location served (building or structure). 

electrical service conductor: A conductor from the util- 
ity connection to the electrical service disconnection 
means at the building. 


electrical service equipment: Equipment used to control 
and disconnect electrical power from the utility. 

electrical service meter: A meter used by the utility 
to determine the electrical energy usage of a facility. 

electrical shock: A condition that results any time a body 
becomes part of an electrical circuit. 

electrician’s knife: A knife that is similar in design to 
a pocketknife and is used for cutting and scraping 
insulation from conductors. 

electromagnetic induction: A magnetic field produced 
around a conductor induces voltage into the surround- 
ing metal raceway as the magnetic field expands and 
collapses. 

electron: A negatively charged particle that orbits the 
nucleus of an atom. 

Electronic Industries Alliance (EIA): A national 
organization for electrical and electronics hardware 
manufacturers to promote their products. 

elevation view: A drawing that shows the height and fea- 
tures of an object in relation to another point or plane. 

emergency and exit lighting: Lighting that is designed 
and installed to provide illumination for the safety of 
human life and to protect property in the event of the 
loss of the normal power supply to lighting. 

emergency back-up power system: A system of circuits 
and equipment used to supply alternate power to cer- 
tain circuits and equipment that protect life and safety. 

enclosure: A housing or structure surrounding electrical 
equipment that provides protection to personnel and 
the equipment. 

entrance facility: An entry into a structure for network 
service cables from the point where the cables enter 
the building to the entrance room or space. 

equipment bonding jumper (EBJ): A conductor that 
connects two or more parts of the equipment ground- 
ing conductor. 

equipment branch: A branch of an electrical distribu- 
tion system that supplies systems related to facility 
operation. 

equipment grounding: The connection of all exposed 
non-current-carrying metal parts to ground to protect 
personnel by removing any electrical voltage that 
may be present on non-current-carrying metal parts. 
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equipment grounding conductor (EGC): An electri- 
cal conductor used to connect non-current-carrying 
metal parts of equipment or enclosures to the system 
grounded conductor or grounding electrode. 


equipment nameplate: An embossed rigid plate affixed 
to a piece of equipment that lists the equipment's im- 
portant electrical and/or mechanical characteristics. 


equipment rack (cable management system): A 
vertical metal frame rack installed to support larger 
structured cabling equipment and components. 


equipment room: А room that provides a centralized 
space for telecommunications equipment installed 
within a building. 

essential electrical system: The part of a health care 
facility's electrical distribution system that is supplied 
by both normal and alternate sources of power. 


exothermic welding: A self-contained process in which 
intense heat produces a chemical reaction inside of a 
mould to weld (join) conductors together. 

expansion fitting: A special-purpose conduit fitting 
used where there can be significant temperature dif- 
ferences over time. 


explosionproof apparatus: An apparatus enclosed in an 
enclosure that can withstand a vapor or gas explosion 
within it. 

explosionproof receptacle: A receptacle that is suit- 
able for installation in locations that are subject to 
explosions. 

explosive range: The range of concentrations in which 
a combustible gas is potentially explosive. 

extension ladder: An adjustable-height ladder with a 
fixed bed section and one or more sliding, lockable 
fly sections. 

extension line: A line on a drawing or print that extends 
from the object line to the dimension line. 


F 


face shield: An eye and face protection device that 
covers the entire face with a plastic shield, and is 
used for protection from flying objects. 

FD box: A surface-mount deep box that provides for 
the installation of devices. 

feeder: A group of circuit conductors between the service 
equipment and the final branch-circuit overcurrent 
device. 

feeder schedule: A schedule that provides specific require- 
ments about feeder installations. 

ferrule: The ceramic part of a fiber optic connector that 
holds a fiber in place and aids in its connection. 


fiber dam: A material placed in the sealing fitting of a 
conduit to provide the structural bottom for liquid seal 
material as it is poured into the fitting. 

fiber optic cable (optical fiber cable): A telecommunica- 
tions cable that is composed of glass or plastic and can 
be used to transmit pulsating light signals. 

fiber optics: The method of using light to transport infor- 
mation from one location to another location through 
thin filaments of glass or plastic. 

field-polish fiber optic connector: A fiber optic connec- 
tor that requires hand-polish of the glass fiber upon 
termination. 

fire alarm control panel (FACP): A control panel that 
receives inputs from automatic and manual fire alarm 
devices to initiate the appropriate response action. 

fire power-limited (FPL) cable: A cable that is designed 
for use in power-limited fire alarm circuits. 

fire power-limited-plenum (FPLP) cable: A cable 
that is designed for plenum use in power-limited fire 
alarm circuits. 

fire power-limited-riser (FPLR) cable: Cable that is de- 
signed for riser use in power-limited fire alarm circuits. 

fire pump: A pump used to provide a continuous flow of 
water to different points in a building for the purpose of 
extinguishing fires. 

firestopping: The process of installing engineered materials 
or devices as a barrier in an architectural structure to 
prevent the passage of flames, liquids, or gases through 
the barrier. 

fish tape: A retractable tape used to pull conductors through 
conduit and other inaccessible spaces. 

fixture splice: A splice that connects two conductors in 
which one of the conductors is smaller than the other, or 
one conductor is stranded and the other is solid. 

flammable material: A material that is subject to easy 
ignition and capable of rapid flaming. 

flexible metal conduit (FMC): A raceway of metal strips 
that are formed into a circular cross-sectional raceway. 

flexible metallic tubing (FMT): A raceway that is circular 
in cross section, flexible, metallic, and liquidtight without 
a nonmetallic jacket. 

floor cell: A single, enclosed tubular space in a floor. 

floor plan: A plan view of a structure that shows the ar- 
rangement of walls and partitions as they appear in an 
imaginary section taken horizontally at approximately 
4' above floor level. 

fluorescent lamp: A low-pressure discharge lamp in 
which ionization of mercury vapor transforms ultra- 
violet energy generated by the discharge into light. 

fly section: An upper section of an extension ladder. 


footcandle (fc): The amount of light produced by a lamp 
(in lumens) divided by the area that is illuminated. 

foot protection: Shoes worn to prevent foot injuries that 
are typically caused by objects falling less than 4' and 
having an average weight of less than 65 Ib. 

four-way switch: An electrical switch used in conjunc- 
tion with two three-way switches to provide control 
of a circuit from three or more locations. 

FS box: A surface-mount shallow box that provides for 
the installation of devices. 

fuse: An overcurrent protection device with a fusible 
portion that is heated and broken by the passage of 
excessive current. 

fuse class: A set of designations used to identify the basic 
performance and physical specifications of a fuse. 

fuse puller: A nonmetallic device that is used to safely 
remove fuses from electrical boxes and cabinets. 

fusion splice: A splice that utilizes an electric arc to weld 
two optical fibers together. 


G 


gas detection system: A system installed to monitor 
and control electrical systems and equipment in 
hazardous locations and to warn of the presence of 
hazardous gas. 

general care area: An area that includes examining 
rooms, treatment rooms, clinics, and similar areas 
in which a patient can come in contact with ordinary 
appliances. 

general-purpose branch circuit: A branch circuit that 
supplies mutiple lighting and appliance outlets. 

general-use receptacle: A receptacle manufactured 
to supply various types of electrical loads and that 
meets UL safety standards for general use. 

generator: An electromechanical device that converts 
mechanical energy into electrical energy by means 
of electromagnetic induction. 

gland nut: A nut on a threadless conduit fitting that, 
when tightened, forces the gland inside a conduit 
fitting to seal against the conduit. 

goggles: An eye protection device with a flexible frame 
that is secured on the face with an elastic headband. 

grounded conductor: An electrical cable, wire, or 
busbar that has been intentionally grounded. 

ground fault: An unintentional connection between an 
ungrounded conductor and any grounded non-current 
carrying metal component of the system. 
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ground-fault circuit interrupter (СЕСІ): A fast-acting 
electrical device that automatically de-energizes a 
circuit or a portion of a circuit by opening the circuit 
in response to the grounded current exceeding a pre- 
determined value that is less than required to operate 
the overcurrent protection device. 

ground-fault circuit interrupter (GFCI) receptacle: 
A receptacle that interrupts the flow of current to the 
load when a ground fault occurs that exceeds a prede- 
termined value of current. 

grounding: The connection of all exposed non-cur- 
rent-carrying metal parts to the earth. 

grounding bushing: A fitting for a specific size and type 
conduit that attaches to the end of the conduit, provides 
for conductor transition from conduit to open space, 
and provides a means, such as a setscrew, to attach a 
bonding conductor to the fitting. 

grounding electrode: A metal component that contacts 
the earth and has a conductor connected to it. 

grounding electrode conductor (GEC): A conductor 
connecting the grounding electrode to the equipment 
grounding conductor and/or the grounded conductor of 
the circuit at the service equipment. 

group: A classification for an atmosphere that contains a 
certain type of flammable material. 

guy wire: A rope, wire, or cable used to stabilize a vertical 
member. 


H 


hacksaw: А metal-cutting handsaw with a steel frame 
that adjusts to hold various types and lengths of blades. 

halyard: A rope used for hoisting or lowering objects. 

hammer: A striking or splitting tool with a hardened head 
fastened perpendicular to a handle. 

hammer drill: A drill that rotates and drives simultaneously. 

hand pipe threader: A tool that is used to cut screw 
threads into pipes and conduit. 

hand reamer: A tool used to finish or size an existing hole. 

handset receiver: A receiver that converts a modulated 
current signal into sound waves. 

handset transmitter: A transmitter that converts sound 
pressure waves into a modulated current signal. 

handy box: An electrical box with rounded corners that 
can be used to mount switches or receptacles, or as a 
junction box to splice conductors. 

hard-usage extension cord: A flexible extension cord 
designed for commercial and industrial use. 
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hazardous (classified) location: An area containing high- 
ly flammable or combustible products, vapors, or fumes. 


header duct: A metal raceway laid perpendicular to floor 
cells and used to distribute conductors from electrical 
cabinets to floor cells and junction boxes. 


health care facility: A location, either a building or a 
portion of a building, that contains occupancies and 
movable or permanent ambulatory facilities, such as 
hospitals, nursing homes, limited or supervisory care 
facilities, clinics, medical and dental offices. 

heat detector: An electrical sensing device used to detect 
excess heat levels within a structure. 


heating element: A portion of an electrical appliance that 
produces heat by electric current. 

heavy-duty plug: A plug that is used on high-wattage ap- 
pliances and devices that operate on 230 V or 460 V. 

hidden line: A dashed line on a drawing or print that 
indicates an object or part of an object that is obscured. 

high-density polyethylene (HDPE) conduit: A nonme- 
tallic conduit made from HDPE plastic. 

high-intensity discharge (HID) lamp: A lamp that pro- 
duces light from an arc tube. 

high-pressure sodium lamp: A high-intensity dis- 
charge lamp that produces light when current flows 
through sodium vapor under high pressure and high 
temperature. 


high-resistance connection: A connection that has a large 
amount of resistance in a circuit. 

holiday decorative lighting: A form of temporary lighting 
that is used with holiday displays. 

home run wiring: Wiring in which electrical conductors 
extend from the power source or central control point 
to the point of use. 

horizontal cabling: Cabling routed from a telecommuni- 
cations room to individual work-area outlets. 

hospital-grade receptacle: A specially constructed re- 
ceptacle designed for use in specific health care facility 
applications. 

housekeeping: The process of maintaining a work area 
free of debris, tools not in use, and other materials that 
may pose a hazard to personnel working in the area. 


illumination: The effect that occurs when light falls on 
a surface. 

impedance (Z): The total opposition of any combination 
of resistance, inductive reactance, and capacitive reac- 
tance offered to the flow of alternating current. 


incandescent lamp: An electric lamp that produces light 
by the flow of current through a tungsten filament 
inside a sealed glass bulb normally filled with a gas. 

individual branch circuit: A branch circuit that supplies 
only one box or receptacle. 

inductance (L): The property of a circuit that causes it 
to oppose a change in current due to energy stored in 
a magnetic field. 

inductive circuit: A circuit in which current lags voltage 
(voltage leads current). 

inductive heating: Heating that occurs when current 
travels through a conductor and creates a changing 
magnetic field that heats surrounding metal. 

inductive reactance (X, ): The opposition of an induc- 
tance to alternating current. 

inductor: An electrical device that stores electrical en- 
ergy by means of a magnetic field. 

infrared heater: A component that contains infrared 
lamps in an enclosure in which the section of conduit 
to be bent is placed and heated. 

initiating device: A fire alarm system component that 
transmits a change of condition to a fire alarm control 
panel to indicate an alarm condition. 

initiating device circuit: A fire alarm circuit that 
connects automatic or manually operated devices to 
supervisory and alarm systems. 

inner duct: A nonmetallic raceway that is placed within 
a larger raceway. 

Institute of Electrical and Electronics Engineers 
(IEEE): A nonprofit professional association that 
provides guidance for the advancement of technology. 

insulating matting: A floor covering that provides tech- 
nicians protection from electrical shock when working 
on live electrical circuits. 

insulation displacement connection (IDC): A method 
of conductor termination that removes the conductor's 
insulation as the conductor is seated in the connection. 

insulation resistance spot test: An insulation resistance 
test that is performed periodically to verify the condi- 
tion of the insulation over the life of the motor. 

insulation resistance test: A test that is performed by 
applying 500 V or more between the conductor and 
ground and measuring the resulting leakage current. 

insulation resistance tester: A test instrument that 
measures current that leaks through the insulation 
into ground. 

insulation shield: A nonmagnetic metallic material 


applied over insulated conductor(s) to confine the 
electric field to the insulation. 


integrated services digital network (ISDN): A telecom- 
munications network that allows for both voice and 
data communication through use of the same facility. 

intermediate metal conduit (IMC): A raceway of circular 
cross section with an intermediate wall thickness, de- 
signed for protection and routing of conductors. 

International Association of Electrical Inspectors 
(LAED): A national organization that focuses on inter- 
pretation of the NEC? and teaches safe installation and 
use of electricity. 

InterNational Electrical Testing Association (NETA): 
An accredited standards developer for ANSI. 

International Electrotechnical Commission (IEC): An 
international standards development organization. 

interrupting rating: The highest current at rated voltage 
that an overcurrent protective device is intended to open 
and interrupt. 

intrinsically safe circuit: A circuit in which a spark or heat 
generated by the circuit is insufficient to cause ignition. 

in-use weatherproof receptacle cover: A device box 
cover for use in wet locations in applications where the 
load may remain plugged into the receptacle and be left 
unattended. 

inverse-time circuit breaker: A circuit breaker with a time 
delay in its tripping action. 

inverter: An electrical device that converts DC voltage to 
AC voltage. 

ion: An atom or group of atoms that carries a positive or 
negative electric charge as a result of having lost or 
gained one or more electrons. 

irreversible compression grounding connector: A solder- 
less pressure connector specifically designed and listed 
for grounding purposes. 

islanding: The undesirable condition where a local power 
source continues to transfer power to the utility grid 
during a utility outage. 

isolated ground receptacle: A receptacle in which the 
grounding terminal is isolated from the device yoke or 
strap. 

isolated power system: A system that consists of an isolat- 
ing transformer, a line isolation monitor, and ungrounded 
circuit conductors. 


J 


jamming: When three conductors are pulled through a 
raceway and one conductor becomes entangled between 
the other conductors. 

junction box: A box in which splices, taps, or termina- 
tions are made. 
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key telephone system (KTS): A telephone system that 
has multiple buttons requiring the user to directly select 
central office telephone or intercom lines. 

kneepad: A rubber, leather, or plastic pad strapped onto 
the knees for protection. 

knockout: A prestamped round indentation punched into 
an electrical box that can be removed to create a passage 
for conductors. 

knockout punch: A punch assembly that is sized to cut 
clean and accurately sized holes in electrical boxes. 

knotted tap splice: A tap splice with a knot made in the 
splice to increase the mechanical strength of the splice. 


L 


labeled: An official description for equipment accept- 
able to the AHJ and to which a label has been attached. 

ladder: A structure consisting of two side rails joined at 
intervals by steps or rungs for climbing up or down. 

ladder cable tray: A cable tray that has vertical side 
rails with evenly spaced horizontal rungs. 

ladder diagram: A diagram that uses lines and graphic 
symbols to show the logic and operation of an elec- 
trical circuit. 

lamp: An output component that converts electrical 
energy into light. 

lampholder: An electrical fixture that supports and 
makes electrical contact with a lamp. 

lanyard: A piece of rope or cable with a snap hook on 
each end. 

laser distance meter: A device that uses a visible 
red laser and an ultrasonic emitter/sensor to take 
measurements. 

leader line: An inclined line on a drawing or print 
that extends from a written note to the object that it 
refers to. 

leakage current: Electric current that flows through 
insulation on a conductor. 

leather protectors: Leather gloves worn over electrical 
insulating gloves to prevent damage to the electri- 
cal insulating gloves and provide added protection 
against electrical shock. 

life safety branch: A branch of an electrical distribu- 
tion system that supplies systems related to occupant 
safety in the case of an emergency. 

lighting and appliance branch-circuit panelboard: A 
panelboard in which more than 10% of the installed 
overcurrent devices are rated 15 A, 20 A, or 30 A. 
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lighting outlet: An electrical outlet designed for direct 
connection of a lampholder or light fixture. 


lighting plan: A plan view that shows the lighting system 
for a particular floor plan. 


lighting schedule: A schedule that supplies specific in- 
formation regarding the lighting distribution systems. 


lineman's knife: A knife that is used for skinning and 
scraping insulation off conductors and cables. 


liquid-filled transformer: An electrical transformer 
in which the core and coils are immersed in a liquid 
insulating medium. 

liquidtight flexible metal conduit (LFMC): A raceway 
of circular cross section with an outer liquidtight, non- 
metallic, sunlight-resistant jacket over an inner helically 
wound metal strip. 


liquidtight flexible nonmetallic conduit (LFNC): A 
highly flexible conduit made from an outer jacket, an 
inner core, and reinforcement that varies based on the 
intended use. 


listed: An official description for equipment, materials, 
or services that are included in a list published by an 
organization acceptable to the AHJ. 

local area network (LAN): A short-distance data commu- 
nication network for a specific user group throughout a 
group of interconnected computers that share common 
applications, data, and peripheral devices. 

lockout: The process of removing the source of electrical 
power and installing a lock, which prevents the power 
from being turned on. 


lockout device: A lightweight enclosure that allows for 
the lockout of a standard control device. 


lockout/tagout: A combination of the lockout and tagout 
processes used to help prevent a piece of equipment 
from becoming reenergized, or stored energy from be- 
ing released, while work is performed on the equipment. 

lock washer: A round washer that is split, slightly bent, 
and installed between a nut and the surface of a work- 
piece: 

loop-start wiring: Wiring that uses a single pair of wires 
to connect a power source and telephone(s). 

lower explosive limit (LEL): The lowest concentration 
(air-fuel mixture) at which a gas can ignite. 

low-pressure sodium lamp: A high-intensity discharge 
lamp that operates at a low vapor pressure and uses 
sodium as the vapor. 

low-voltage cable: A cable that can be single-conductor 
or multiconductor and is rated from 0 V to 600 V. 

Jumen (Im): The unit used to measure the total amount 
of light produced by a light source. 


luminaire: A complete lighting unit including the com- 
ponents that distribute light, position and protect the 
lamps, and provide connection to the power supply. 


luminaire whip: A raceway with conductors routed be- 
tween the outlet box and a luminaire. 


M 


magnetic motor starter: An electrically operated switch 
(contactor) that includes motor overload protection. 

main bonding jumper (MBJ): A connection for electri- 
cal service equipment that ties together the equipment 
grounding conductor (EGC), the grounded conductor, 
and the grounding electrode conductor (GEC). 

Maintenance Testing Specifications: A set of written 
guidelines used to provide the maintenance testing fre- 
quencies, tasks, and acceptable criteria for maintenance 
activities on electrical distribution equipment. 

manual fire alarm station: A fire alarm station that requires 
a mechanical operation to initiate an alarm. 

mechanical conduit bender: A type of bender that em- 
ploys a lever arm and ratcheting mechanism to provide 
a mechanical advantage when fabricating conduit bends. 

mechanical grounding connector: A clamp or lug specifi- 
cally designed and listed for grounding purposes. 

mechanical splice: A splice that aligns two matching fibers 
in a ferrule with adhesive to complete the splice. 

medium-voltage (MV) cable: A single-conductor or mul- 
ticonductor cable rated from 2001 V to 35,000 V. 

megohmmeter: A type of ohmmeter that measures the very 
high resistances of insulating components. 

membrane penetration: A hole located in one side of a 
fire-rated barrier. 

mercury-vapor lamp: A high-intensity discharge lamp 
that produces light by an electrical discharge through 
mercury vapor. 

messenger wire: A separate wire used to support insulated 
conductors or cables. 

metal-clad (MC) cable: A cable assembly of one or more 
electrical conductors, with or without fiber-optic mem- 
bers, and enclosed in an armor of interlocking, smooth, 
or corrugated metal sheath. 

metal-enclosed power switchgear: A collection of elec- 
trical components and devices housed in a sheet metal 
enclosure. 

metal-halide lamp: A high-intensity discharge lamp that 
produces light by an electrical discharge through mercury 
vapor and metal halide in the arc tube. 


metering system: A group of electrical service meters in 
a facility. 


meter socket enclosure: An enclosure used to house 
an electric utility meter. 


metric designator: An SI system number designated 
by the NEC® to be used when sizing conduit. 

mineral-insulated (MI) cable: A cable that consists of 
conductors surrounded by magnesium-oxide (MgO) 
insulation and enclosed in a smooth copper sheath. 

Mine Safety and Health Administration (MSHA): 
A federal government agency that develops and 
promotes mandatory safety and health standards, en- 
sures compliance with such standards, assesses civil 
penalties for violations, and investigates accidents. 

mobile generator: A vehicle-mounted generator that 
is moved on wheels or rollers. 

modular plug: А plug adopted by the Federal Commu- 
nications Commission (FCC) as the standard interface 
for telephone and data equipment for public networks. 

motor: A component that converts electrical energy to 
rotating mechanical power. 

motor and equipment schedule: A schedule that pro- 
vides specific information about the loads supplied 
by the distribution system. 

motor circuit: An electrical circuit that is used for the 
operation of electric motors. 

motor control center (MCC): A central location for 
troubleshooting and servicing motor control circuits. 

motor controller: А device or group of devices used 
to manually or automatically control electric power 
to a motor. 

mould: A device that houses the conductor points to be 
welded and provides safe containment for the high- 
temperature chemical reaction process that welds 
metals. 

move, add, and change (MAC): The process of mov- 
ing, adding, or changing telecommunications equip- 
ment to an existing group of work areas. 

multimode fiber cable: A fiber optic cable that contains 
a glass fiber with a large core that allows several paths 
(modes) of light to be passed through the cable. 

multioutlet assembly: A metallic or nonmetallic race- 
way that contains receptacles and branch-circuit 
conductors. 

multiuser telecom outlet assembly (MUTOA): Ап out- 
let assembly used to terminate horizontal cable runs. 

multiwire branch circuit: A branch circuit consisting 
of a minimum of two ungrounded conductors with a 
potential difference between them, and a grounded 
conductor with a potential difference between it and 
the ungrounded conductors. 
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mushroom: A plastic cable support device with a 
center-mounted fastener used to support structured 
cabling cables on plywood backboards or sheet metal 
equipment racks. 


National Electrical Code? (NEC?): A standard on prac- 
tices for the design and installation of electrical products 
published by the NFPA. 

National Electrical Contractors Association (NECA): A 
national organization that provides support and standards 
for all areas of the electrical contracting industry. 

National Electrical Installation Standards (NEIS): 
Standards developed by NECA in partnership with other 
industry organizations. 

National Electrical Manufacturers Association (NEMA ): 
A national organization that provides the standardization 
of electrical equipment. 

National Fire Protection Association? (NFPA?): A na- 
tional organization that provides guidance in assessing 
the hazards of the products of combustion. 

neat and workmanlike manner: A term in the NEC? used 
to address the professional work habits required when 
installing electrical wiring and equipment. 

net metering: À metering arrangement where any excess 
energy exported to the utility is subtracted from the 
amount of energy imported from it. 

neutron: A particle contained in the nucleus of an atom 
that has no electrical charge. 

nominal voltage: A value assigned to a circuit or system 
to designate its voltage class. 

nonmetallic conduit: Conduit made of materials other than 
metal that is designed for the installation of electrical 
conductors and cables. 

nonmetallic-sheathed cable: An assembly of two or 
more insulated conductors with an outer sheathing of 
moisture-resistant, flame-retardant, nonmetallic material. 

nonmetallic underground conduit with conductors 
(МОСС): A factory-made assembly of conductors or 
cables inside a nonmetallic conduit. 

non-permit confined space: A confined space that does 
not contain or, with respect to atmospheric hazards, have 
the potential to contain any hazards capable of causing 
death or serious physical harm. 

non-power-limited fire cable (NPLF): A cable that is 
constructed for non-power-limited fire alarm circuits and 
designed so as not to require its installation in a raceway 
except in certain applications. 
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non-power-limited fire cable-plenum (NPLFP): A cable 
that is constructed for non-power-limited fire alarm 
circuits and designed so as not to require its installation 
in a raceway except in certain applications, and can be 
suitable for use in plenums. 

non-power-limited fire cable-riser (NPLFR): А cable 
that is constructed for non-power-limited fire alarm 
circuits and designed so as not to require its installation 
in a raceway except in certain applications and can be 
used in risers. 


normally closed (NC) contacts: Contacts that are in the 
closed position before the device is energized. 


normally open (NO) contacts: Contacts that are in the 
open position before the device has been energized. 


normal state of a relay: The position of contacts and 
devices before any external force acts upon them. 


notification appliance: A fire alarm system component 
used to alert personnel of a fire condition. 


notification appliance circuit: A fire alarm circuit that 
connects visual and/or audible alarm devices to a fire 
alarm system. 


nut driver: A screwdriver-shaped hand tool with a hex- 
agonal tip that fits onto a nut to tighten or loosen it. 


ө, 


object line: A thick line used to define and provide detail 
about a particular shape or symbol. 

Occupational Safety and Health Administration 
(OSHA): A federal government agency established 
under the Occupational Safety and Health Act of 
1970, which requires employers to provide a safe 
environment for their employees. 

offset bend: A bend that consists of two 45? angles on 
one piece of conduit. 

Ohm’s law: The relationship between current (1), voltage 
(V), and resistance (R) in a circuit. 

oiler: A device used to apply cutting oil to the dies during 
the thread-cutting process. 

one-line diagram: A drawing used when designing larg- 
er commercial and industrial installations to show the 
flow path of electrical power throughout the facility. 

operating temperature: The ambient temperature 
caused by the heat produced by conductors in a 
raceway. 

optical time domain reflectometer (OTDR): A test 
instrument that is used to measure cable attenuation. 

outlet: Any point in the electrical system where current 
supplies utilization equipment. 


outlet box: A box installed at the point in the distri- 
bution system where current supplies utilization 
equipment. 

overcurrent: Any current in excess of that for which the 
conductor or equipment is rated. 

overcurrent protective device (OCPD): A circuit breaker 
(CB), fuse, or switch with a circuit breaker that discon- 
nects or discontinues current flow when the amount of 
current exceeds the design loads. 

overhead power line: An electrical conductor that is 
designed to deliver electrical power and is located in 
an aboveground aerial position. 

overload: А small-magnitude overcurrent that, over time, 
can activate an overcurrent protection device. 

overload relay: An electric switch controlled by electric 
current flow. 


P 


panelboard: An electrical panel, or group of panels 
designed to form a single panel, that is contained in a 
cabinet or cutout box. 

panelboard schedule: A schedule that supplies detailed 
information about individual panelboards. 

paralleled conductors: Two or more conductors that are 
electrically connected at both ends to form a single 
conductor. 

patch cord: A length of cable with connectors on both 
ends used to interconnect telecommunications circuits. 

patch panel: An equipment-rack-mountable panel that 
contains connecting hardware used to patch between 
groups of cables and equipment. 

pathway: A vertical or horizontal run of telecommunica- 
tions cable. 

pathway walkdown: A physical inspection of the area 
where a pathway is to be installed. 

patient bed area: An area that has one or more inpatient 
sleeping beds. 

patient care area: An area in a health care facility where 
patients are examined or treated. 

pawl lock: A pivoting hook mechanism attached to the fly 
section(s) of an extension ladder. 

penetration: An opening through a barrier, such as a 
wall, to allow the passage of raceways, cables, piping, 
ductwork, and other such systems. 

permanent electrical system: An electrical system in- 
stalled as a permanent part of a structure. 


permit-required confined space: A confined space that 
has specific health and safety hazards associated with it. 


personal protective equipment (PPE): Clothing and/or 
equipment worn or used by a technician to reduce the 
possibility of injury in the work area. 

phase sequence tester: A test instrument used to determine 
which of the three-phase power lines are powered and 
which power line is phase A, phase B, and phase C. 

photoelectric smoke detector: A smoke detector that uses a 
light beam from a transmitter to a light receiver to detect 
a fire condition. 

pigtail: A short jumper wire installed from an incoming 
conductor to a terminal screw on a receptacle. 

pigtail splice: A splice that joins two or more conductors, 
in which ends are stripped of insulation and twisted 
together. 

plain old telephone service (POTS): Hard-wired telephone 
service that provides service to single-line telephone 
systems. 

plenum: A compartment or chamber to which one or 
more air ducts are connected and that is part of the air 
distribution system. 

pliers: A hand tool with opposing jaws for gripping and/ 
or cutting. 

plot plan: A drawing that shows the property lines of a 
building lot, elevation, compass directions, lengths of 
property lines, and locations of structures to be built. 

polarity: The positive (+) or negative (—) state of an object. 

polyvinyl chloride (PVC) conduit: A general-purpose 
nonmetallic conduit made from PVC plastic. 

portable generator: A hand-carried generator that can 
easily be moved from one location to another. 

positioning system: A system used to hold a worker in 
place while keeping their hands free to perform work. 

power: The rate of doing work or using energy. 

power cable puller: A device used to pull large cables and 
conductors into place. 

power factor (PF): The ratio of true power used in an AC 
circuit to apparent power delivered to the circuit. 

power factor meter: A meter used to indicate the power 
factor in the distribution system. 

power formula: The relationship between power (P), volt- 
age (V), and current (J) in an electrical circuit. 

power riser drawing: An electrical drawing that shows the 
arrangement of the electrical service and main distribu- 
tion equipment in block form. 

premises wiring: A system that includes all of the power, 
lighting, control, and signal wiring systems of a building 
including all of the associated hardware, fittings, and 
wiring devices. 
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prepolish fiber optic connector: A fiber optic connector 
that is polished at the connector manufacturer’s facility. 

primary bonding busbar (PBB): A busbar that serves 
as the main collection point for a telecommunications 
system’s grounding system. 

primary winding: The coil of a transformer that draws 
power from the source. 

private branch exchange (PBX): A telephone system with 
programmable features to accommodate large commer- 
cial installations. 

project delivery method: A formal process used to manage 
and control commercial and industrial wiring projects. 

project timeline: A schedule that identifies start and com- 
pletion dates of tasks. 

protective clothing: Clothing that provides protection from 
contact with sharp objects, hot equipment, and harmful 
materials. 

protective helmet: A hard hat that is used in the workplace 
to prevent injury from the impact of falling and flying 
objects, and from electrical shock. 

proton: A particle contained in the nucleus of an atom that 
has a positive electrical charge. 

pull box: A box used as a point to route electrical conduc- 
tors into a raceway system. 

punch list: A list of every item in the project that is incom- 
plete or that requires rework. 

purged and pressurized apparatus: An apparatus that is 
designed and constructed to receive a continuous flow of 
clean air through equipment or to receive clean air or inert 
gas to maintain a positive pressure inside the equipment. 

PVC pipe cutter: A handheld tool designed to cut up 
to 2” diameter plastic pipe (PVC or PE) and rigid 
rubber hose quickly and accurately without the use of 
a vise. 


Q 


qualified person: A person who has demonstrated skills 
and knowledge of the construction and operation of the 
electrical equipment and has received safety training to 
identify and avoid the hazards involved. 


raceway: An enclosed channel for routing and protecting 
electrical conductors and cables. 

rainproof: An official description for equipment that has 
been constructed, protected, or treated so that rain does 
not interfere with the successful operation of the equip- 
ment under specified test conditions. 
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rainproof enclosure: An enclosure in which a beating 
rain cannot interfere with the operation of the ap- 
paratus or result in wetting of live parts and wiring 
within the enclosure. 

raintight: An official description for equipment that has 
been constructed, protected, or treated so that ex- 
posure will not allow the entrance of water during a 
beating rain under specified test conditions. 

raintight enclosure: An enclosure in which expo- 
sure to a beating rain cannot result in entrance of 
water. 

receptacle: A device used for easily and temporarily 
connecting electrical equipment to a power source. 

reciprocating saw: A multipurpose cutting tool in 
which the blade reciprocates (moves back and forth) 
to create the cutting action. 

rectifier: A device that converts AC voltage to DC 
voltage by allowing the voltage and current to flow 
in only one direction. 

red-line drawing: A drawing that is marked-up during 
the construction process to accurately reflect changes 
that occur during construction and that is used to 
prepare the final drawings. 

redundant grounding system: A wiring system that 
requires two separate grounding paths for fixed 
electrical equipment and receptacles in patient 
care areas. 

reinforced thermosetting resin conduit (RTRC): 
Nonmetallic conduit made from fiberglass-reinforced 
epoxy. 

relay: A device that controls one electrical circuit by 
opening and closing contacts in another circuit. 

renewable energy system: A system for the production 
of useful energy from a source that is not depleted. 


resistance (R): The opposition to the flow of electrons. 

resistive circuit: A circuit that contains only resistance. 

revision block: A block normally located next to 
the title block that identifies the changes that have 
been marked on the drawing since its initial 
approval. 

rigid metal conduit (RMC): A threadable metal pipe 
with fairly thick walls. 

ring conductor: The negative conductor in a pair of 
telephone wires. 

rotor: The rotating part of an AC motor. 

running threads: Threads that extend beyond conduit 
coupling length. 


S 


safety data sheet (SDS): Printed material used to relay 
chemical hazard information from the manufacturer, 
importer, or distributor to the technician. 

safety glasses: Ап eye protection device with special im- 
pact-resistant glass or plastic lenses, reinforced frames, 
and side shields. 

schedule: A detailed list on a print that provides infor- 
mation about building components such as doors, 
windows, and electrical and mechanical equipment. 

schematic diagram: A drawing that shows electrical sys- 
tem circuitry, with symbols depicting electrical devices 
and lines representing conductors. 

screened twisted-pair (ScTP) cable: A twisted-pair cop- 
per telecommunications cable that has a foil or braided 
shield with a nonconductive material on one side. 

screwdriver: A hand tool with a tip designed to fit into a 
screw head for fastening operations. 

sealing compound: A material specifically designed for 
installation in conduit fittings to expand and fill the 
area around conductors to prevent the flow of gases or 
vapors through the conduit past the fitting. 

secondary bonding busbar (SBB): A busbar located in a 
telecommunications room to provide a local collection 
point for telecommunication equipment grounding. 

secondary winding: The coil of a transformer that deliv- 
ers the energy at the transformed or changed voltage 
to the load. 

section line: A line used to indicate the type of material 
shown in a section drawing. 

section view: A drawing that shows a portion of the in- 
ternal features of an object or structure. 

separately derived system: A wiring system that has 
no direct electrical connection, such as a solidly con- 
nected grounded conductor, to supply conductors of a 
different system. 

service drop: A service conductor that is run overhead 
to a building. 

service entrance: A location for the entry of utilities into 
a structure. 

service-entrance (SE, USE) cable: A multiconductor 
cable with or without an overall covering. 

service lateral: Any service to a structure that is achieved 
by burying the conductors underground. 

service point: The point at which utility conductors are 
connected to a facility wiring system. 

shielded twisted-pair (STP) cable: Twisted-pair copper 
telecommunications cable that is wrapped in a metallic 
foil or braid to reduce electromagnetic interference. 


short circuit: The excessive amount of current present 
as the result of little or no resistance between circuit 
conductors. 


signaling line circuit: A fire alarm circuit that can 
contain a mix of initiating devices and notification 
appliances since each one is individually addressable. 

sine wave: A periodic, symmetrical waveform that varies 
over time according to the trigonometric sine function. 

single-mode fiber cable: A fiber optic cable that contains 
a glass fiber with a small core that only allows one path 
(mode) of light to be passed through the cable. 

single-phase (1) motor: A motor that operates on sin- 
gle-phase electricity. 

single-pole switch: An electrical control device with one 
movable and one fixed contact, used to turn lights or 
appliances on and off from a single location. 

single-rail cable tray: A cable tray that has a center rail 
or a rail for wall mounting. 

single receptacle: A receptacle that has a single contact 
device mounted on one yoke. 

smoke detector: An electrical device used to sense prod- 
ucts of combustion (smoke) and activate an alarm when 
smoke is detected. 

solar photovoltaic (PV) system: A system that uses the 
unique properties of certain types of semiconductors to 
directly convert solar radiation into electricity. 

solderless connection: A connection that joins conduc- 
tors without using heat to make a strong electrical and 
mechanical connection. 

solid-bottom cable tray: A cable tray that has a solid 
metal bottom, a solid cover, and is nonventilated. 

solid conductor: A conductor that is composed of a single 
piece of conductor material. 

space: An environmentally controlled centralized room 
for housing structured cabling installations. 

splice plate: A plate constructed of the same material 
as a cable tray and used to connect side rails and tray 
bottoms to form a continuous cable tray. 

spreader bar: A metal bar or rod that connects to lifting 
cables and is used to distribute weight evenly when 
lifting equipment with wide frames. 

springback: The property of conduit that causes it to 
unbend slightly after a bend is completed. 

standard: An accepted reference or practice. 

stationary generator: A generator that is permanently 
installed as part of a standby or emergency back-up 
power system. 

stator: The stationary part of an AC motor that produces 
a rotating magnetic field. 
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stepladder: A folding ladder that stands independently 
of support. 

stick drawing: A drawing that hangs from a stick or a 
pole that is supported by a stand. 

straight pull: When conductors are pulled into a box and 
routed to a raceway on the opposite wall of the box. 

stranded conductor: A conductor composed of several 
strands of solid wire wrapped together to make a 
single conductor. 

stray voltage: Unwanted voltage between conductors. 

structured cabling system: A system of cables, con- 
ductors, and support equipment used to network com- 
munication, data, and video systems within a facility. 

strut-type channel raceway: A metallic raceway that 
is mounted to the surface of or suspended from a 
structure for the installation of electrical conductors 
and cables. 

submersible pump cable: A multiconductor cable con- 
taining two to four conductors used in well casings. 

supervisory signal: A signal indicating a need for 
action in connection with a related control system. 

surface raceway: A raceway that is mounted on the 
surface of a structure. 

switch: A device used to control the flow of electricity 
through a circuit or change the connection of a circuit. 


T 


tagout: The process of placing a danger tag on the 
source of electrical power, which indicates that the 
equipment cannot be operated until the danger tag 
is removed. 

tap: A connection from one conductor to a smaller 
conductor to obtain power from the conductor to 
which the connection occurs. 

tap rule: A requirement that must be met to allow con- 
ductors to be run without short-circuit and ground- 
fault protection at the point where they receive their 
power supply. 

tap splice: A splice that connects two conductors to- 
gether when one conductor is to remain unbroken. 

telecommunications: The branch of technology that 
deals with the transmission, emission, and reception 
of information by way of signals through cable, radio, 
optical, or electromagnetic means. 

telecommunications bonding backbone (TBB): A con- 
ductor that connects a secondary bonding busbar (SBB) 
to the primary bonding busbar (PBB). 
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telecommunications bonding conductor (TBC): A con- 
ductor that bonds the primary bonding busbar (PBB) 
to the service equipment ground. 


Telecommunications Industry Association (TIA): A 
national organization that represents companies that 
provide communications materials, products, sys- 
tems, distribution services, and professional services. 

telecommunications room: An enclosed room that is used 
to house telecommunications equipment, terminations, 
and serves as a cross-connection point between backbone 
cabling and horizontal cabling. 

temporary electrical system: An electrical installation used 
only for construction purposes. 

temporary wiring installation: A nonpermanent installa- 
tion of electrical lighting and power systems during con- 
struction, remodeling, maintenance, repair, or demolition 
of buildings, structures, and equipment. 

terminal: An electricity-conducting connection of a circuit 
or equipment used for the connection of an external 
conductor. 

thermal cycling: The expansion and contraction of metal 
components as a result of heat produced by electrical 
current. 

thermal imager: A device that measures infrared energy 
and displays a false-color image based on the temperature. 

threadless conduit fitting: A conduit fitting that slips over 
the end of the conduit and uses either setscrews or com- 
pression to seal the fitting to the conduit. 

three-phase (3) motor: A motor that operates on three- 
phase electricity. 

three-way switch: An electrical switch used to control a 
fixture from two different locations, such as two ends 
of a hallway. 

through penetration: A hole made completely through a 
fire-rated barrier to allow the passage of cables, conduc- 
tors, HVAC duct, or plumbing lines. 

tip conductor: The positive conductor in a pair of telephone 
wires. 

title block: An area on a working drawing or print used to 
provide identification information about the drawing or 
print. 

torque: Rotational force. 

trade size: A nominal, inch-based size designation by the 
МЕС? to be used when sizing conduit. 

transceiver: A device that transmits and receives. 

transfer switch: A device used to transfer electrical power 
back and forth between two power systems or buses. 

transformer: An electric device that uses electromagnetism 
to change voltage from one level to another or to isolate 
one voltage from another. 


transformer hum: The sound produced by the vibrations 
of the metal laminations of the transformer core. 

tray cable (TC): A cable that consists of two or more 
insulated conductors enclosed in a flame-retardant, 
nonmetallic jacket and is used for installation in cable 
trays or raceways. 

trough cable tray: A cable tray that has bottom rungs for 
conductor support. 

true power (Р): The actual power used in an electrical 
circuit. 

tunnel entrance: An entrance that provides a pathway for 
conduit, cable trays, and wireways for both communi- 
cation and power circuits. 

twisted-pair cable: A copper telecommunications cable 
composed of pairs of insulated copper wires twisted 
around each other to reduce induction (electrical inter- 
ference) from one conductor to another. 

twist-on wire connector: A solderless plastic connector 
that uses a tapered metal coil spring to twist conductors 
together. 


U 

underfloor raceway: A metal underfloor duct system 
designed for use as a raceway for the installation of 
conductors and cables. 

underground entrance: An entrance that runs through 
conduit or pathways for out-of-sight service to a 
building. 

underground feeder (UF) and branch-circuit cable: A 
cable that has a moisture-resistant jacket and is listed 
for direct burial in the earth. 

Underwriters Laboratories Inc. (UL): An independent, 
not-for-profit product safety testing and certification 
organization. 

unit substation: An electrical device that switches and 
transforms incoming distribution voltages down to plant- 
distribution voltage levels. 

universal die head: An adjustable die used with a 
pipe-threading machine to cut threads on rigid pipe. 

unshielded twisted-pair (UTP) cable: A copper telecom- 


munications cable that consists of electrically balanced 
copper cables. 


upper explosive limit (UEL): The highest concentration 
(air-fuel mixture) at which a combustible gas can ignite. 
utility: A service provided to the public, such as those 
requiring electrical and plumbing hookups in a building. 
utility box: An electrical box with rounded corners that 


can be used to mount switches or receptacles, or as a 
junction box to splice conductors. 


utility-interactive system: A renewable energy system that 
operates in parallel with, and is connected to, the electric 
utility grid. 

utilization equipment: Equipment that converts electricity 
into a useful form of energy, such as motion, heat, or light. 


V 

vertical conductor support: A tapered fiber bushing 
installed at the end of conduit where the conduit enters 
a box. 

vise: A portable or stationary clamping device used to hold 
work firmly in place. 


voltage (V): The amount of electrical pressure in a circuit. 

voltage barrier: A permanent barrier that prevents con- 
nection between adjacent conductors through arcing or 
inadvertent touching of conductors. 

voltage drop: The potential difference developed between 
two points in an electrical circuit due to the resistance of 
a component or circuit. 

voltage indicator: An electrical test instrument that 
indicates the presence of voltage when the test tip 
touches, or is near, an energized conductor or energized 
metal part. 

voltage of a circuit: The highest voltage measured between 
any two conductors of a circuit. 

voltage rating: The voltage level at which electrical equip- 
ment is designed to operate. 

voltage tester: An electrical test instrument that indicates 
the approximate voltage amount and the voltage type (AC 
or DC) at its test leads. 

voltage to ground: The voltage measured from one desig- 
nated conductor in a circuit to the grounded conductor 
in a grounded system. 

volume allowance: A fill volume assigned to a conductor, 
clamp, support fitting, or device in a box as specified by 
the NEC®. 


W 


watertight: An official description for electrical equipment 
that has been constructed and tested so that moisture will 
not enter the equipment. 

watertight enclosure: An enclosure in which water does not 
enter when the enclosure is subjected to a stream of water. 

watt (W): A unit of measure equal to the power produced 
by a current of 1 A across a potential difference of 1 V. 

weatherhead: A weatherproof entry point for aboveground 
electrical wiring or low-voltage telecommunications lines 
into a structure. 


Glossary 473 


weatherproof: An official description for electrical 
equipment that has been constructed and tested such 
that exposure to the weather will not interfere with 
successful operation of the equipment. 

Western Union splice: An electrical connection used 
where the connection must be strong enough to sup- 
port long lengths of heavy conductors. 

wet location: A location that is subject to water or 
other liquids. 

wind turbine: A device that harness wind energy to 
product electricity. 

wire marker: A self-adhesive label affixed to a conduc- 
tor prior to the point where insulation is stripped and 
provides a unique numeric or alphanumeric identifier 
for that specific conductor. 

wire-mesh cable tray: A cable tray constructed of 
zinc-plated steel wire mesh. 

wire-pulling lubricant: A wet or dry compound that 
is applied to the exterior of conductors to allow con- 
ductors to slide better. 

wire stripper: A device used to remove insulation from 
small-diameter wire. 

wire stripper/crimper/cutter: A hand tool used to strip 
conductor insulation, crimp conductor terminals, and 
cut conductors sizes 22 AWG to 10 AWG. 

wireway: A sheet-metal or nonmetallic enclosure with 
a cover that opens to provide access to the conductors 
inside. 

wiring diagram: A drawing that represents how the 
different components of an electrical system are 
connected together by conductors. 

work area: An area in a facility where the facility's oc- 
cupants interface with the telecommunications system. 

work area outlet: A wiring device that terminates 
horizontal cabling and provides for connection of the 
user's communication equipment. 

wrench: A hand tool with jaws at one or both ends that 
is designed to turn bolts, nuts, or pipes. 

written specification: A document containing require- 
ments for work to be performed and, when combined 
with project drawings, forms the basis of the contract 
requirements for the project. 


Z 


zone: A defined area within the facility from which a fire 
alarm signal can be received or sent or a control action can 
be executed. 
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Page numbers in italic refer to figures. 


A 


abbreviations, 112 

AC (alternating current), 25—26 

AC (armored cables), 159, 159—160, 160 

AC sine waves, 26—27 

AC voltage, 26—27, 27 

adjustable circuit breakers, 314 

AE (architectural engineering) firms, 105 

aerial entrances, 397, 398 

AGP (assured equipment grounding conductor program), 
360, 361 

AHJ (authorities having jurisdiction), 82 

alphabet of lines, 113 

alternating current (AC), 25-26 

alternations (cycles), 27 

American National Standards Institute (ANSI), 74—75 

American Wire Gauge (AWG) sizes, 144, 145 

ammeters, 59—60 

ampacities, 148-149 

ampere ratings, 314 

amperes (A), 25 

anchorages, 11 

angle pulls, 238—239, 239 

ANSI (American National Standards Institute), 74—75 

antishort bushings, 160 

apparent power, 33, 33 

appliance branch circuits, 307 

approved installations, 82 

arc chutes, 273 

arc flash hazards, 91 

arc flash protection warning tags, 92 

architect's scales, 777, 111 

architect's seals, 109 

architectural engineering (AE) firms, 105 

arc-rated clothing, 6, 6 

arc-rated face shields, 7, 7 

arcs, 91 

armored cables (AC), 159, 159—160, 760 

as-built drawings, 108 

assured equipment grounding conductor program (AGP), 
360, 361 

atoms, 26 

attachment plugs, 296 

attenuation, 411 


authorities having jurisdiction (AHJ), 82 
automatic transfer switches, 370 

auxiliary gutters, 202—204, 205 

AWG (American Wire Gauge) sizes, 144, 145 


B 


backboards, 402—403, 403, 404 
backbone cabling, 396, 399, 407 
bar-chart schedules, 707, 107 
barriers, 273 
BASs (building automation systems), 393, 394 
battery back-up systems, 377—378, 378 
battery chargers, 362 
battery-powered cable cutters, 57, 51 
bed sections, 12, 14 
Belleville washers, 279, 279 
benders, 195, 195-196, 196 
bend radii, 782, 182 
blueprints, 108 
body belts, 11 
body harnesses, 11, 72 
bolted connections, 278—279 
bonding, 268—269 
bonding jumpers, 211, 211, 225, 304, 305 
boxes, 229-239 
accessories, 231 
calculating box fill, 236-237, 238 
conductor allowance, 237 
construction, 230-233 
ganged, 232 
grounding means, 233 
installation, 233-235 
in-use weatherproof receptacle covers, 232 
junction boxes, 238-239 
pull boxes, 238-239 
sizing, 236-237, 237 
types, 229, 229-230 
vertical conductor supports, 230, 237 
box fill, 236, 238 
branch circuits 
appliance branch circuits, 306, 307 
conductor identification, 309—311, 310 
defined, 306, 307 


476 Commercial and Industrial Wiring 


branch circuits (continued) 
general-purpose branch circuits, 306, 307 
grounding, 377, 311—313 
identification of, 370 
installation of, 307—308 
multiwire branch circuits, 307, 307 
overcurrent protection, 313—316 
switch connections, 308, 308—309, 309 
break lines, 114 
builders, 706, 106 
building automation systems (BASs), 393, 304 
building codes, 74, 78 
building permits, 74 
bump tests, 334 
buried entrances, 397, 398 
busbars, 204 
bushings, 240, 242, 405 
bus transfer switches, 371 
busways, 116, 204—206, 206 


С 


cabinets, 224 
cable buses, 206—207, 207 
cable clamps, 227 
cable cutters, 57, 51 
cable management systems. See equipment racks 
cable protectors, 357, 358 
cable pullers, 51, 52 
cables, 159-166 
antishort bushings, 160 
armored cables (AC), 759, 159—160, 760 
circuit-integrity (CI) cables, 425 
coaxial cables, 415 
defined, 159 
low-voltage cables, 164—165, 166 
markings, 89 
medium-voltage (MV) cables, 165—166, 766 
messenger wire, 161 
metal-clad (MC) cables, 161, 161 
mineral-insulated (MI) cables, 162—163, 163 
nonmetallic-sheathed cables, 161—162, 762 
routing, 405—410, 407 
service-entrance (SE, USE) cables, 164, 165 
submersible pump cables, 164 
testing, 148 
tray cables (TC), 163—164, 764 


underground feeder and branch-circuit (UF) cables, 


164, 165 
cable strippers, 49, 49 
cable tie guns, 41, 42 
cable ties, 473, 413 


cable trays 
construction of, 208—209 
defined, 208, 400, 401 
installation, 211—212, 212, 400-401, 402 
types of, 209, 400 
uses, 209—211, 2/0 
cabling, 395—396. See also cables; structured cabling 
systems 
CADD (computer-aided design and drafting), 108 
capacitance, 37, 31 
cellular concrete floor raceways, 201, 201 
cellular metal floor raceways, 201, 201 
centerlines, 114 
changes for projects, 107—108, 709 
chase nipples, 241, 242 
circuit breakers, 296, 297, 314 
circuit-integrity (CI) cables, 425 
circuits, 304—311, 305 
branch circuits. See separate entry 
capacitive, 37 
commercial and industrial, 305 
conductor identification, 309-311, 370 
defined, 304 
feeders, 305, 305—306, 311 
fire alarm systems, 420-421, 422 
ground fault protection, 312—313 
grounding, 3/7, 311—312 
inductive, 3] 
intrinsically safe circuits, 368 
lighting circuits, 316 
motor circuits, 325. See also motors 
overcurrent protection, 313-316, 315 
clamp-on ammeters, 60, 61, 339, 339 
Class I-III locations, 363—365, 364 
cleanliness, 3, 4 
cleaving, 417 
coaxial cables, 415 
codes 
defined, 77 
International Building Code? (IBC), 78, 78 
National Electrical Code? (NEC?). See separate entry 
NFPA 5000? Building Construction and Safety Code, 79 
combination transfer switches, 370 
combustible materials, 363 
computer-aided design and drafting (CADD), 108 
conductor allowances, 237 
conductor fill, 179—180, 780 
conductors, 87, 143-159 
ampacities, 148—149 
box fill, 238 
bushings, 240 
conductor-bending space, 303 
conductor shields, 165 


connecting multiple conductors to fish tape, 751 
connections, 154—159, 755, 156, 157, 158, 159 
grounded, 371, 311 
identification of, 309—311, 370, 311 
ring conductors, 391 
sizes, 144, 145 
tip conductors, 391 
conductor shields, 165 
conduit, 149, 182—199 
bending metal conduit, 195—198, 196, 197 
bending nonmetallic conduit, 799, 199 
bend radii, 782, 182 
cutting, 192 
defined, 177, 402 
electrical metallic tubing (EMT), 785, 185—187 
electrical nonmetallic tubing (ENT), 792, 192 
feeding conductors into, 752 
flexible metal conduit (FMC), 187, 188 
flexible metallic tubing (FMT), 188-189 
intermediate metal conduit (ТМС), 184, 185 
liquidtight flexible metal conduit (LFMC), 188, 189 
liquidtight flexible nonmetallic conduit (LFNC), 190, 797 
metric designators, 178, 779 
nonmetallic conduit, 190—192, 199, 199 
polyvinyl chloride (PVC) conduit, 797 
pulling conductors from, 153 
rigid metal conduit (КМС), 783, 183-184 
threading, 192-194, 793 
trade sizes, 178, 179 
vertical conductor supports, 230 
conduit benders, 42, 42 
conduit bodies, 239—240, 240, 241 
conduit fittings, 239—242, 242 
conduit hangers, 402, 402 
conduit nipples, 179 
conduit seals, 367, 367—368 
condulets?, 239 
confined spaces, 19—23, 20 
connections 
crimped connections, 158, 759 
electrical, 91 
motor power, 330—339 
pressure connections, 157, 158 
switches, 308—309, 308, 309 
terminal screws, 154—155, 155 
twist-on-wire connections, 155—156, 156 
connectors, 240, 242 
covered conductors, 145 
defined, 143 
electrical service conductors, 256, 257 
equipment grounding conductors (EGCs), 160 
feedings into conduit, 752 
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identification of, 152-154 

installation of, 149—154, 151, 152 
insulation, 144—148, 146, 147 

irreversible compression grounding connectors, 282, 283 
jamming, 180, 787 

markings, 89 

mechanical grounding connectors, 280, 287 
minimum exposed lengths, 236 

operating at over 600 V, 95—96, 96 
paralleled conductors, 181 

pulling from conduit, 753 

routing, 149-152, 151, 152, 153 

selection, 143-144 

solid conductors, 144 

splices, 156, 157 

stranded conductors, 144 

testing, 147—148, 148, 153-154, 154 
voltage drops, 149 


construction drawings, 108—118 


abbreviations, 112 
drawing lines, 112-114, 7/3, 114 
drawing preparation, 108—109 
reading, 118-127 
detail drawings, 722, 122 
elevation views, 119, 720 
floor plans, 124, 124—125 
one-line diagrams, /23, 123 
plot plans, 118, 779 
power riser drawings, 722, 122 
schedules, 125—126, 126 
section views, 120, 121 
wiring diagrams, 126—127 
supporting information, 109-112 
symbols, 114—118, 115, 116, 117 


Construction Specifications Institute (CSI), 106 
contact devices, 205 

contactors, 128-129 

continuity, 59 

continuity tests, 153—154, 754 

control-circuit drawings, 127-131 
control-circuit symbols, 728, 128-129 
convenience outlets, 115 

copper cables, 396, 413-416 

cord connectors, 296 

corrosion resistant enclosures, 222, 224 
couplings, 240, 242 

covered conductors, 145 

cover sheets, / 10 

crimped connections, 158, 159 

critical branches, 373, 373 

critical care areas, 372 

CSI (Construction Specifications Institute), 106 


478 Commercial and Industrial Wiring 


current, 25—26, 30 DMMs (digital multimeters), 56—59, 57, 58, 59 
alternating current (AC), 25-26 double-insulated tools, 361—362 
amperes (A), 25 double-pole switches, 307, 301 
direct current (DC), 25 double-throw switches, 301, 301 
leakage current, 337 drawings 
measurements, 57, 59, 60, 61 architect's seals, 109 
overcurrents, 3/5, 339 computer-aided design and drafting (CADD), 108 
cutout boxes, 224, 224 control-circuit drawings, 127—131 
cutting oil, 194, 194 cover sheets, /10 
cutting plane lines, 114 drawing notes, 112 
cycles (sine waves), 27 red-line drawings, 108 


revision blocks, 109 
scales of, 111 


D title blocks, 109, 110 
damp locations, 83, 84 types of 
dB (decibels), 8 as-built drawings, 108 
DC (direct current), 25 construction drawings. See separate entry 
DC voltage, 26, 27 detail drawings, 122, 122 
deburring tools, 193 elevation views, 119, 120 
decibels (dB), 8 ladder diagrams, 729, 129—132, 130, 131 
dedicated equipment spaces, 94, 95 one-line diagrams, 123, 123 
design/bid/build processes, 105, 106 plan views, 124, 124-125, 125 
design/build processes, 105—106, 106 plot plans, 118, 719 
destination code systems, 126-127, 127 power riser drawings, 122, 122 
detail drawings, 122, 122 schematic diagrams, 727, 127-128 
device boxes, 229, 229, 235 section views, 120, 21 
device classifications, 296-297 stick drawings, 108 
devices, 295—299, 297, 298, 301, 301-304 D-rings, 401 
dies, 193 driptight enclosures, 222—223, 224 
digital multimeters (DMMs), 56—59, 57, 58, 59 drop head dies, 193 
digital subscriber lines (DSLs), 392 dry locations, 83 
dimension lines, 114 dry-type transformers, 263 
direct current (DC), 25 DSLs (digital subscriber lines), 392 
disconnecting means, 92, 93 dual-voltage motors, 328, 329 
disconnect switches, 302, 302 duct smoke detectors, 427, 427 
distance meters, 51, 52 duplex receptacles, 297, 298 
distribution panels, 356 dust-ignition-proof apparatuses, 366 
distribution systems dusttight enclosures, 223, 224 
bonding, 268, 268—269 
connections, 277—282, 281, 283 
design requirements, 257 F 
equipment handling, 270—277 earmuffs, 8, 8 
installation of, 273—277 earplugs, 8 
moving, 272-273, 273 EBJs (equipment bonding jumpers), 266, 269 
receiving, 27 effective ground-fault current paths, 266 
setting in place, 272—273 EGCs (equipment grounding conductors), 160, 268, 270, 
storage of, 271—272, 272 310-311, 311 
grounding, 265—267, 266, 267 EIA (Electronic Industries Alliance), 395 
motor control center (MCC) installation, 274, 275 electrical floor plans, 724, 124 
panelboard installation, 275,270 electrical-hazard-rated (EH-rated) footwear, 9-10 
transformer installation, 276—277, 277, 278 electrical insulating gloves, 8—9, 9 
unit substation installation, 273—274 electrical metallic tubing (EMT), 185, 185-189 


Division 1 and 2 locations, 364 electrical nonmetallic tubing (ENT), 191—192, 192 


electrical principles, 24—34 
AC sine waves, 26-27 
AC voltage, 27 
atoms, 26 
capacitance, 31 
current. See separate entry 
electrons, 26 
impedance, 31—32 
inductance, 29—31 
magnetic fields, 30 
neutrons, 26 
Ohm’s law, 24, 25 
polarity, 26 
power, 32—34, 33 
protons, 26 
resistance, 28, 29 
voltage, 26-27, 27 
electrical safety 
guidelines, 3-24 
confined spaces, 19-23, 20, 22 
electrical shock prevention, 3, 4 
fire safety, 18, 19 
housekeeping, 3, 4 
lockout/tagout, 15—17, 16, 17 
overhead power lines, 23—24 
personal protective equipment (PPE). See separate entry 
safety data sheets (SDSs), 5 
Mine Safety and Health Administration (MSHA), 2 
National Electrical Code®, 1 
NFPA 70E, 1—2 
Occupational Safety and Health Administration 
(OSHA), 2 
qualified persons, 5 
regulations, 1—3 
electrical services, 255-259, 257, 256 
electrical shock, 3, 4 
electrical standards, 73—77 
electrical systems, 86 
electrical test instruments, 54, 54—63 
ammeters, 59—60 
CAT ratings, 54—55, 55 
digital multimeters (DMMs), 56—59, 57, 58, 59 
megohmmeters, 67, 61—62, 62 
thermal imagers, 62—64, 63 
voltage indicators, 55, 56 
voltage testers, 56, 56 
electric conduit benders, 796, 196 
electrician's knives, 49, 49 
electric motor circuits, 325 
electric tools, 360—362 
electromagnetic induction, 181 
Electronic Industries Alliance (EIA), 395 
electrons, 26 
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elevation views, 119, 720 
emergency and exit lighting, 325, 325 
emergency back-up power systems, 372-373 
EMT (electrical metallic tubing), 785, 185—189 
enclosures, 82, 83, 95, 221—239, 222 
cabinets, 224 
corrosion resistant enclosures, 222 
cutout boxes, 224 
driptight enclosures, 222—223, 224 
dusttight enclosures, 223, 224 
installation of, 227—229 
knockouts, 228, 228 
meter socket enclosures, 225 
nameplates, 223 
NEMA classifications of, 223 
nonmetallic, 372 
panelboards, 225-226, 226 
rainproof enclosures, 222, 224 
raintight enclosures, 222, 224 
rating specifications of, 222-224 
for severe environmental conditions, 224 
watertight enclosures, 222, 224 
wire-bending space, 303 
work space requirements, 229 
energized components, 94—95, 95 
engineer's scales, 111, 712 
ENT (electrical nonmetallic tubing), 191—192, 792 
entrance facilities, 397—398, 398, 406 
entry permits, 23 
equipment 
approval of, 87 
branches, 373, 373 
cooling of, 89, 90 
markings, 92 
mounting of, 89, 90 
operating at over 600 V, 95, 96 
equipment bonding jumpers (EBJs), 266, 269 
equipment grounding, 265 
equipment grounding conductors (EGCs), 160, 268, 270, 
310-311, 311 
equipment nameplates, 24, 25 
equipment racks, 400, 407 
equipment rooms, 398, 399, 406 
essential electrical systems, 372—373, 373 
exothermic welding, 281, 282 
expansion fittings, 247, 241 
explosionproof apparatuses, 366, 367 
explosionproof receptacles, 299, 300 
explosive ranges, 20, 20 
extension cords, 356-357, 357 
extension ladders, 12, 13, 14 
extension lines, 114 
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F FR (flame-resistant) clothing, 6 
FS Doxes 292 

fuse classes, 314 

fuse pullers, 43, 43 

fuses, 295, 297 

fusion splices, 419 


face shields, 7, 7 
FACPs (fire alarm control panels), 422-423, 423 
fall protection equipment, 10—11 
FD boxes, 232 
feeders, 125, 305-306, 311-316 
defined, 125, 305 
grounding, 311—313, 372 G 
overcurrent protection, 313—316 
overview, 305, 305—306 
schedules, 125 
fiber dam materials, 368 
fiber optic cables, 396, 408-409, 417—419 
field-polish fiber optic connectors, 417 
fire alarm control panels (FACPs), 422-423, 423 


ganged boxes, 232 

gas detection systems, 368 

GECs (grounding electrode conductors), 265 
general care areas, 372 

general-purpose branch circuits, 307 
general-use receptacles, 297—298 

generators, 368—371 


fire alarm systems, 419—430 GFCI (ground-fault circuit interrupter) receptacles, 299, 
circuit types, 420—421, 422 300, 312-313, 313 
circuit wiring, 424—425 GFCIs (ground-fault circuit interrupters), 312-313 
components, 422—424 gland nuts, 242 
enclosure installation, 424 gloves, insulating, 8—9, 9 
field devices, 429 goggles, 7, 7-8 
fire pumps, 423-424 grounded conductors, 266 
initiating devices, 422, 422-423 ground-fault circuit interrupter (GFCI) receptacles, 299, 
notification systems, 420, 42/ 300, 312-313, 313 
supervisory signals, 423 ground-fault circuit interrupters (GFCIs), 312—313 
testing, 428-430 ground fault protection, 312—313, 358—360, 359 

fire power-limited (FPL) cables, 425 ground faults, 84, 85, 266, 314 

fire power-limited-plenum (FPLP) cables, 425 grounding, 224, 265-267, 311—313 

fire power-limited-riser (FPLR) cables, 425 boxes, 233 

fire pumps, 423-424 branch circuits, 311—313 

fire safety, 18, 19 defined, 224, 223 265 

firestopping, 409-410, 411 distribution systems, 265—267, 266, 267 

fish tapes, 42, 43, 150, 150-151, 151 feeders, 311-313 

fittings, 367-368 to nonmetallic enclosures, 3/2 


panelboards, 227, 312 
grounding bushings, 405 
grounding electrode conductors (GECs), 265 
grounding electrodes, 265 
grounding system connections, 280—282, 281 
gutters, 202—204, 205 
guy wires, 117 


fixture splices, 156, 757 

flame-resistant (FR) clothing, 6 

flammable materials, 363 

flexible metal conduit (FMC), 187—189, 788 
flexible metallic tubing (FMT), 188-189 
floor cells, 201 

floor plans, 124, 124—125 

fluorescent lamps/luminaires, 321, 321, 322 


fly sections, 12, 14, 15 H 

FMC (flexible metal conduit), 187-189, 188 hacksaws, 49. 49 

FMT (flexible metallic tubing), 188—189 halyards 13 15 
footcandles (fc), 318 hammer drills, 57, 51 

foot protection, 9—10 hammers, 43, 43 

four-way switches, 301, 301 hand conduit benders, 795 
FPL (fire power-limited) cables, 425 hand reamers, 49, 49 
FPLP (fire power-limited-plenum) cables, 425 handset receivers, 392, 393 


FPLR (fire power-limited-riser) cables, 425 handset transmitters, 392, 393 


hand tools, 41—50, 48, 49 
cable strippers, 49, 49 
cable tie guns, 41, 42 
conduit benders, 42, 42 
deburring tools, 793 
double-insulated safety tools, 47 
electrician's knives, 49, 49 
fish tapes, 42, 43 
fuse pullers, 43, 43 
hacksaws, 49, 49 
hammers, 43, 43 
hand reamers, 49, 49 
lineman's knives, 49, 49 
nut drivers, 49, 49 
pipe cutters, 44, 45 
pipe threaders, 49, 49 
pliers, 44, 45 
safety, 49—50, 50 
screwdrivers, 45—46, 46 
vises, 44, 44 
wire strippers, 46 
wire strippers/crimpers/cutters, 46, 47 
wrenches, 47, 48 
handy boxes, 229, 230 
hard-usage extension cords, 356-357, 357 
hazardous (classified) locations, 362—368, 364 
Class I-III locations, 363—365 
defined, 362 
gas detection systems, 368 
intrinsically safe circuits, 368 
protective equipment, 366—368 
HDPE (high-density polyethylene) conduit, 190 
header ducts, 201 
health care facilities, 371—375 
hearing protection, 8, 8 
heat detectors, 428, 428 
heating elements, 296 
heavy-duty plugs, 361, 362 
hidden lines, 114 
high-density polyethylene (HDPE) conduit, 190 
high-intensity discharge (HID) lamps, 322—324, 323 
high-pressure sodium lamps, 323, 324, 324 
high-resistance connections, 154—155 
holiday decorative lighting, 354 
home run wiring, 118 
horizontal cabling, 396, 399, 407 
hospital-grade receptacles, 299 
housekeeping, 3, 4 


IAEI (International Association of Electrical Inspectors), 77 
IBC (International Building Code?), 78, 78 
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IDCs (insulation displacement connections), 415—416, 417 
IEC (International Electrotechnical Commission), 76—77 
IEEE (Institute of Electrical and Electronics Engineers), 75 
illumination, 3/8, 318 
IMC (intermediate metal conduit), 184, 185 
impedance, 31—32 
incandescent lamps, 3/9, 319-320 
individual branch circuits, 307 
inductance, 29-31, 37 
inductive heating, 180-181 
infrared heaters, 199 
initiation devices, 420, 422, 422, 423 
inner ducts, 400 
installation practices, 82, 96 
boxes, 233-235 
devices, 302-304 
enclosures, 227—229 
hazardous (classified) locations. See separate entry 
luminaires, 320 
magnetic motor starters, 330 
motors, 328—330, 330, 331 
neat and workmanlike manner, 90 
raceways, 231 
structured cabling systems. See separate entry 
temporary wiring, 353—360, 355 
voltage barriers, 303 
wire-bending space, 303 
Institute of Electrical and Electronics Engineers (IEEE), 75 
insulating gloves, 8-9, 9 
insulating matting, 10, 77 
insulation, 146, 147 
insulation displacement connections (IDCs), 415-416, 417 
insulation resistance spot tests, 337, 337-340 
insulation resistance tests, 146, 337—340 
insulators, 144 
integrated services digital networks (ISDNs), 392 
intermediate metal conduit (IMC), 184, 785 
International Association of Electrical Inspectors (LAED, 77 
International Building Code? (IBC), 78, 78 
InterNational Electrical Testing Association (NETA), 77 
International Electrotechnical Commission (IEC), 76-77 
interrupting ratings, 297 
intrinsically safe circuits, 368 
in-use weatherproof receptacle covers, 232 
inverse-time circuit breakers, 314 
inverters, 376 
ions, 426 
irreversible compression grounding connectors, 282, 283 
ISDNs (integrated services digital networks), 392 
islanding, 377, 378 
isolated ground receptacles, 298, 299 
isolated power systems, 374 
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J 


jamming, 180, 181 
junction boxes, 238, 238—239, 239 


K 


key telephone systems (KTSs), 392 
kneepads, 70, 10 

knives, lineman's, 49, 49 

knockout punches, 48, 49 
knockouts, 228, 228 

knotted tap splices, 156 

KTSs (key telephone systems), 392 


L 


labeled equipment, 82—83, 83 
ladder cable trays, 209, 209 
ladder diagrams, /29, 129—131, 730, 131 
ladders, 12-15 
lampholders, 296 
lamps, 296, 296, 316, 319-325 
fluorescent lamps, 321, 321 
high-intensity discharge (HID) lamps, 322-324, 323 
incandescent lamps, 3/9, 319-320 
light-emitting diode (LED) lamps, 324—325 
specification sheets for, 3/7 
LANS (local area networks), 392 
lanyards, 11 
laser distance meters, 51, 52 
leader lines, 114 
leakage current, 337 
leather protectors, 8—9, 9 
LED (light-emitting diode) lamps, 324—325 
LELs (lower explosive limits), 20, 20 
LFMC (liquidtight flexible metal conduit), 188—189, 789 
LFNC (liquidtight flexible nonmetallic conduit), 190— 
191, 79] 
life safety branches, 373, 373 
light-emitting diode (LED) lamps, 324—325 
lighting 
circuits, 316 
commercial/industrial lighting, 377 
emergency/exit lighting, 325, 325 
fixtures. See luminaires 
levels recommended, 3/8 
outlets, 84, 715, 115 
panelboards, 117 
plans, 715, 125, 125 
schedules, 7/26, 126 
lineman's knives, 49, 49 
liquid-filled transformers, 263 


liquidtight flexible metal conduit (LFMC), 188—189, 789 

liquidtight flexible nonmetallic conduit (LFNC), 190— 
191, 79] 

listed equipment, 83 

local area networks (LANs), 392 

lockouts, 15—17, 76, 17 

lock washers, 278-279 

loop-start wiring, 392 

lower explosive limits (LELs), 20, 20 

low-pressure sodium lamps, 323, 324 

low-voltage cables, 164—165, 166 

lubricants, 194 

lumens (Im), 316 

luminaires, 319—320, 320, 322 

luminaire whips, 187 


M 


MAC (move, add, and change) processes, 398 
magnetic fields, 30 
magnetic motor starters, 330, 332 
main bonding jumpers (MBJs), 268, 268 
manual fire alarm stations, 425—426, 426 
matting, insulating, 10, 77 
MBJs (main bonding jumpers), 268, 268 
MC (metal-clad) cables, 761, 161 
MCCs (motor control centers), 274, 275 
mechanical conduit benders, 795, 195 
mechanical grounding connectors, 287 
medium-voltage (MV) cables, 165-166, 166 
megohmmeters, 67, 61—62, 62 
membrane penetrations, 409, 410 
mercury-vapor lamps, 323, 324 
messenger wire, 161 
metal-clad (MC) cables, 761, 161 
metal conduit, 182—189, 783 
metal-enclosed power switchgear, 259 
metal-halide lamps, 323, 324, 324 
metering systems, 256, 256 
meter socket enclosures, 225 
metric designators, 178, 179 
MI (mineral-insulated) cables, 162—163, 763, 425 
mineral-insulated (MI) cables, 162-163, 163, 425 
Mine Safety and Health Administration (MSHA), 2 
mobile generators, 369, 369—370 
modular plugs, 413-414, 414 
motor control centers (МСС), 274, 275 
motors, 296, 296 
checks and tests, 334—339 
circuits, 325 
controllers 274, 275, 328 
determining phase rotation, 334—340 
installation of, 328, 330, 330 


magnetic motor starters, 330, 332 
nameplates, 326, 326 
power connections, 330-334 
rotation, 336, 336 
rotors, 326 
schedules, 126 
setting, 33] 
stators, 326 
types of, 326—328 
moulds, 261, 281, 282 
move, add, and change (MAC) processes, 398 
MSHA (Mine Safety and Health Administration), 2 
multimode fiber cables, 418 
multioutlet assemblies, 201—202, 202 
multiuser telecom outlet assemblies (MUTOA s), 399, 399 
multiwire branch circuits, 307, 307 
mushrooms, 401 
MUTOAs (multiuser telecom outlet assemblies), 399, 399 
MV (medium-voltage) cables, 165—166, 766 


N 


nameplates, 24, 25, 92, 223, 326 
National Electrical Code? (NEC®), 1, 78-95 

dedicated spaces, 95 

definitions and terminology, 81, 81-87 
approved, 82 
authorities having jurisdiction (AHJ), 82 
damp locations, 83, 84 
disconnecting means, 93 
dry locations, 83 
enclosures, 82, 83, 95 
ground faults, 84, 85 
labeled, 82—83, 83 
lighting outlets, 84 
listed, 83 
nominal voltage, 86—87 
outlets, 84, 85 
overcurrents, 84—85 
overloads, 84, 85 
permanent electrical systems, 86 
premises wiring, 86 
qualified persons, 86 
rainproof, 86 
raintight, 86 
receptacle outlets, 84 
short circuits, 85, 56 
temporary electrical systems, 86 
utilization equipment, 84 
voltage of circuits, 87 
voltage to ground, 87 
watertight, 87 
weatherproof, 87 
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wet locations, 83, 84 
working clearances, 93 
general installation requirements, 87—95 
arc flash protection, 91, 92 
conductors and equipment, 87, 95—96, 96 
cooling of equipment, 89, 90 
dedicated equipment spaces, 94, 95 
disconnecting means identification, 92, 93 
electrical connections, 89, 91 
electrical equipment markings, 92, 92 
following manufacturer's instructions, 87, 86 
guarding of energized components, 94—95, 95 
mounting of equipment, 89, 90 
neat and workmanlike manner, 88—89, 90 
wiring terminology and methods, 88 
working spaces, 92—94, 93, 94 
licensing requirements, 81 
using the NEC®, 79, 79-81, 81 
National Electrical Contractors Association (NECA), 75, 
305 
National Electrical Installation Standards (NEIS), 75 
National Electrical Manufacturers Association (NEMA), 
76, 223, 230 
National Fire Protection Association (NFPA), 1—2, 74, 79 
NC (normally closed), 128, 128 
neat and workmanlike manner, 88—89 
NEC® (National Electrical Code®). See National Electri- 
cal Code? (NEC?) 
NECA (National Electrical Contractors Association), 75, 
395 
NEIS (National Electrical Installation Standards), 75 
NEMA (National Electrical Manufacturers Association), 
16, 223,230 
NETA (InterNational Electrical Testing Association), 77 
net metering, 377 
neutrons, 26 
NFPA (National Fire Protection Association), 1—2, 74, 79 
ninety-degree (90°) bends, 196 
NO (normally open), 728, 128 
nominal voltage, 86—87, 261 
nonmetallic conduit, 190—192, 799, 199 
nonmetallic-sheathed cables, 161—162, 162 
nonmetallic underground conduit with conductors 
(NUCC), 190 
non-permit confined spaces, 21 
non-power-limited fire cable-plenums (NPLFPs), 424—425 
normally closed (NC), 728, 128 
normally open (NO), 128, 128 
notification appliance circuits, 420, 422, 422 
NPLFPs (non-power-limited fire cable-plenums), 424—425 
NUCC (nonmetallic underground conduit with conduc- 
tors), 190 
nut drivers, 49, 49 
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О 
object lines, 114 


Occupational Safety and Health Administration (OSHA), 2 


OCPDs (overcurrent protective devices), 297, 297, 314 
offset bends, 798 

Ohm’s law, 24, 25 

oilers, /94, 194 

one-line diagrams, 123, 123 

operating temperatures, 188 

optical fiber cables. See fiber optic cables 

optical time domain reflectometers (OTDRs), 408, 409 


OSHA (Occupational Safety and Health Administration), 2 


OTDRs (optical time domain reflectometers), 408, 409 
outlet boxes, 229 

outlets, 84, 85, 115, 115, 407 

overcurrent, 84—85, 3/5 

overcurrent protection, 313-316 

overcurrent protective devices (OCPDs), 297, 297, 314 
overhead power lines, 23—24 

overload relays, 330 

overloads, 84, 85, 314 


P 


panelboards 
defined, 116, 225 
in distribution systems, 275, 276 
grounding, 227, 312 
overview, 225-226, 226 
power panelboards, 117 
schedules, 126 
paralleled conductors, 787, 181 
patch cords, 395, 396 
patch panels, 407 
pathways, 400—402 
pathway walkdowns, 400 
patient bed/care areas, 372 
pawl locks, 13, 14 
PBBs (primary bonding busbars), 404, 406 
PBXs (private branch exchanges), 392 
penetrations, 409, 470 
permanent electrical systems, 86 
permits, 21—22, 23, 74 
personal protective equipment (PPE), 5—12, 6, 7 
back protection equipment, 10 
earmuffs, 8, 8 
earplugs, 8 
electrical-hazard-rated (EH-rated) footwear, 9-10 
face shields, 7 
fall protection equipment, 10—11 
foot protection, 9-10 
gloves, 8—9, 9 


goggles, 7, 7-8 

insulating matting, 10, 77 

kneepads, 70, 10 

leather protectors, 8—9, 9 

protective clothing, 6 

protective helmets, 6—7 

safety glasses, 7, 7 
phase rotation, 334—340 
phase sequence testers, 334—335, 335 
photoelectric smoke detectors, 426, 427 
photovoltaic (PV) systems, 376, 376 
pigtails, 303, 304 
pigtail splices, 156, 157 
pipe cutters, 44, 45 
pipe threaders, 49, 49 
pipe threading machines, 793 
pipe vises, 44, 44 
plain old telephone service (POTS), 391—392, 393 
plan views, 124, 124—125, 125 
plenums, 425 
pliers, 44, 45 
plot plans, 118, 779 
plugs, 361, 362, 413-414, 414 
polarity, 26 
polyvinyl chloride (PVC) conduit, 190, 797 
portable electric tools, 360-362 
portable generators, 369, 369 
positioning systems, 11 
POTS (plain old telephone service), 391—392, 393 
power, 32-34, 33 
power cable pullers, 51, 52 
power factor (PF), 33—34, 256 
power formulas, 32, 32 
power lines, 23—24 
power panelboards, 117 
power riser drawings, /22, 122 
power tools, 50—53, 57, 52, 53 
PPE (personal protective equipment). See personal pro- 

tective equipment (PPE) 

premises wiring, 86 
prepolish fiber optic connectors, 417 
pressure connections, 157, 758 
primary bonding busbars (PBBs), 404, 406 
primary windings, 263, 264 
private branch exchanges (PBXs), 392 
product safety numbers, 88 
project delivery methods, 105—106, 706 
project timelines, 707, 107 
protective equipment, 366—368, 367 
protective helmets, 6—7 
protons, 26 
pull boxes, 238—239 
pulls, 238—239, 239 


punch lists, 108, 109 

purged and pressurized apparatuses, 366 
PVC (polyvinyl chloride) conduit, 190, 797 
PVC pipe cutters, 44, 45 

PV (photovoltaic) systems, 376, 376 


Q 
qualified persons, 5, 86 


raceways, 149, 177—182, 178, 202, 202, 400. See 
also special-purpose raceways 

rainproof equipment, 86, 222, 224 

raintight equipment, 86, 222, 224 

receptacle outlets, 84, 115 

receptacles, 115, 232, 295, 297—299, 298 

reciprocating saws, 52, 53 

rectifiers, 26 

red-line drawings, 108 

redundant grounding systems, 374, 375 

reinforced thermosetting resin conduit (RTRC), 190 

relays, 128, 128—129, 330 

renewable energy systems, 375—380, 376, 379, 381 

resistance (electrical), 28, 29, 59, 60 

revision blocks, 109 

rigid metal conduit (RMC), 783, 183-184 

ring conductors, 391 

RMC (rigid metal conduit), 783, 183-184 

rotors, 326 

RTRC (reinforced thermosetting resin conduit), 190 

running threads, 194, 194 


S 


safety 
cable protectors, 357, 358 
checklists, 50, 53 
combustible materials, 363 
double-insulated tools, 361—362 
electrical. See electrical safety 
flammable materials, 363 
hand tools, 49—50, 50 
intrinsically safe circuits, 368 
power tools, 52—53, 53 
standards, 88 

safety belts, 11 

safety data sheets (SDSs), 5 

safety glasses, 7, 7 

saws, reciprocating, 52, 53 

SBBs (secondary bonding busbars), 405, 406 


sealessiif e 112 
schedules, 125-127, 126 
schematic diagrams, 127, 127-128 
screened twisted-pair (ScTP) cables, 415 
screwdrivers, 45—46, 46 
ScTP (screened twisted-pair) cables, 415 
SDSs (safety data sheets), 5 
sealing compounds, 368, 368 
seals, architect's, 109 
seals, knockout, 234, 234 
SE (service-entrance) cables, 164, 165 
secondary bonding busbars (SBBs), 405, 406 
secondary windings, 263, 264 
section lines, 114 
section views, 120, 121 
separately derived systems, 260, 260 
service disconnecting means, 258 
service drops, 256 
service-entrance (SE, USE) cables, 164, 765 
service laterals, 164, 256, 258 
service points, 255, 258 
shielded twisted-pair (STP) cables, 415 
short circuits, 85, 86, 314 
signaling line circuits, 422 
sine waves, 26—27, 28 
single-mode fiber cables, 418 
single-phase (1) motors, 326—327, 327 
single-pole switches, 307, 301 
single-rail cable trays, 209, 209 
single receptacles, 297, 298 
skid-mounted equipment, 273 
smoke detectors, 426—427, 427 
solar photovoltaic (PV) systems, 376, 376 
solderless connections, 154 
solid-bottom cable trays, 208, 209 
solid conductors, 144 
special-purpose raceways, 200—207 
busways, 204—206, 206 
cablebuses, 206—207, 207 
cellular concrete floor raceways, 201, 201 
cellular metal floor raceways, 207, 201 
multioutlet assemblies, 201—202, 202, 203 
strut-type channel raceways, 207, 208 
surface raceways, 202, 203 
underfloor raceways, 200, 200 
written specifications, 106 
specifications, 105-108, 317 
splice plates, 211 
splices, 156, 757 
fusion splices, 419 
mechanical splices, 419 
minimum exposed conductor lengths, 236 
pigtails, 304 
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spreader bars, 273 

springback, 195 

standards, 73—77, 88, 393—395 
state regulatory agencies, 3 
stationary generators, 369, 370, 371 
stators, 326 

step-down transformers, 265 
stepladders, 72, 12 

step-up transformers, 265 

stick drawings, 108 

STP (shielded twisted-pair) cables, 415 
straight pulls, 238—239, 239 
stranded conductors, 144 

stray voltage, 428 


structured cabling systems, 391—430. See also cabling 


cable trays, 400—401, 401, 402 
codes and standards, 393—395 
defined, 391 
equipment racks, 400 
installation, 400-41 1 
firestopping, 409-410, 411 
pathway support, 400—402 
routing cables, 405—410 
spaces, 402—405 
troubleshooting, 411, 472 
locations, 397—399 
telecommunications, 392 
terminations, 413—419 
copper cables, 413—416 
fiber optic cables, 417—419 
preparation, 413 
strut-type channel raceways, 207, 208 
stub-up bends, 196, 197 
submersible pump cables, 164 
supervisory signals, 423 
surface raceways, 202, 203 
switches, 115—116, 295, 308-309 
connections, 308, 308—309, 309 
defined, 115, 295 
for lighting circuits, 307, 301—302 
symbols, 717 
symbols, 114—118, 128—129 
control-circuits, 728, 128-129 
lighting outlets, / 75 
receptacle outlets, 716 
switches, 717 


T 

tagouts, 15—17, 16, 17 
taps, 315—316, 316 
tap splices, 156, 757 


TBBs (telecommunications bonding backbones), 405, 406 
TBCs (telecommunications bonding conductors), 
404—405, 406 
TC (tray cables), 163—164, 764 
telecommunications bonding backbones (TBBs), 405, 406 
telecommunications bonding conductors (TBCs), 
404—405, 406 
Telecommunications Industry Association (TIA), 395 
telecommunications systems, 395—415 
cables, 397, 415 
cable trays, 401 
coaxial cables, 415 
twisted-pair cables, 414—415 
types, 416 
entrances, 398 
equipment rooms, 398 
grounding and bonding systems, 406 
move, add, and change (MAC), 398 
overview, 392 
system components, 399 
telecommunications bonding backbones (TBBs), 405, 406 
telecommunications bonding conductors (TBCs), 
404—405, 406 
Telecommunications Industry Association (TIA), 395 
telecommunications main grounding busbars (TMGBs), 
406 
telecommunications rooms, 396, 398, 399, 406 
troubleshooting, 4/2 
work areas, 399 
temporary electrical systems, 86 
temporary power generators, 369, 369—370 
temporary wiring installations, 353—360, 355 
considerations, 353—354 
distribution panels, 356, 356 
ground fault protection, 358—360, 359 
hard-usage extension cords, 356—357, 357 
holiday decorative lighting, 354 
types of, 354—357 
terminals, 148 
terminal screws, /55 
terminations 
cable ties, 413 
copper cables, 413-416 
fiber optic cables, 417—419 
insulation displacement connections (IDCs), 415-416, 417 
preparation, 413 
structured system cabling (cables), 413-419 
testers, 334, 336. See also electrical test instruments 
tests 
cable and wire installations, 748 
insulation resistance Spot tests, 337, 337—340 
insulation resistance tests, 337—340 


motor rotation, 336 
motors, 334—339 
thermal cycling, 278 
thermal imagers, 62—64, 63 
THHN insulation, 146 
threading, 192-194 
threadless conduit fittings, 241—242 
three-phase (30) motors, 327, 327—328 
three-way switches, 301, 301 
through penetrations, 409, 4/0 
THWN insulation, 146 
TIA (Telecommunications Industry Association), 395 
tidiness, 3, 4 
timelines, project, 707, 107 
tip conductors, 391 
title blocks, 109, 770 
tools, 47 
double-insulated tools, 361—362 
hand tools. See separate entry 
insulation resistance testers, 146 
portable electric tools, 360—362 
power tools, 50—53, 51, 52, 53 
torque, 279 
torque wrenches, 279, 280 
trade sizes, 178, 179, 185 
transceivers, 408, 408 
transfer switches, 370—371 
transformer hum, 278 
transformers, 34, 262-264, 276—278 
defined, 262 
dry-type transformers, 263 
guarding, 277, 278 
installation in distribution systems, 276-277, 277 
liquid-filled transformers, 263 
operation, 264, 264 
primary windings, 263, 264 
ratios, 264, 265 
secondary windings, 263, 264 
step-down transformers, 265 
step-up transformers, 265 
transformer hum, 278 
tray cables (TC), 163—164, 164 
trough cable trays, 208, 209 
true power, 32, 33 
tunnel entrances, 397, 398 
twisted-pair cables, 414—415 
type A-C plywood, 402, 404 


U 


UELs (upper explosive limits), 20, 20 
UL (Underwriters Laboratories Inc.), 75—76 
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underfloor raceways, 200, 200 

underground entrances, 397, 398 
underground feeder and branch-circuit cables (UF), 164, 765 
Underwriters Laboratories Inc. (UL), 75—76 
unit substations, 259, 259, 273-274 
universal die heads, 193 

unshielded twisted-pair (UTP) cable, 415 
upper explosive limits (UELs), 20, 20 

USE (service-entrance) cables, 164, 765 
utilities, 24 

utility boxes, 229, 230 

utility-interactive systems, 377, 377 
utilization equipment, 84, 296, 296, 305 
UTP (unshielded twisted-pair) cable, 415 


V 


variable frequency drives (VFDs), 332-334, 333 
vertical conductor supports, 230, 231 
VFDs (variable frequency drives), 332-334, 333 
vises, 44, 44 
voltage 

alternating current (AC), 26—27, 27 

barriers, 303, 304 

of circuits, 87 

direct current (DC), 26, 27 

drop, 149, 262 

to ground, 87 

indicators, 55, 56 

principles of, 26—27, 27 

ratings, 261, 262 

stray voltage, 427, 428 

testers, 56, 56 


W 


warning tags, 92 

watertight equipment, 87, 222, 224 
watts (W), 32 

weatherheads, 117 _ 

weatherproof equipment, 87, 224 
Western Union splices, 156, 757 
wet locations, 83, 84 

windings, 263, 264 

wind turbines, 376, 376 

wire bending space, 302, 303 

wire markers, 152 

wire-mesh cable trays, 209, 209 
wire nuts, 155-156 

wire-pulling lubricants, 151 

wire strippers, 46 

wire strippers/crimpers/cutters, 46, 47 
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wireways, 116, 202—204, 204 

wiring diagrams, 126-127 

wiring terminology and methods, 88 
work area outlets, 407, 407 

work areas, 399, 399 

working spaces, 92—94, 93, 94, 228, 229 
wrenches, 47, 48 


Z 


zones, 423 


Commercial and Industrial Wiring focuses on the installation and maintenance of electrical wiring in 
commercial and industrial facilities. This textbook contains 11 chapters covering the use of standards, 
codes, electrical drawings and specifications, and appropriate tools to safely and properly install and main- 
tain raceway systems, enclosures, fittings, conductors, and devices. Both the operation and installation of 
common electrical devices and components are featured throughout the text. A variety of commercial and 
industrial electrical systems and installation types are described. The end of each chapter includes review 
questions for testing content comprehension. 


This edition features many revised and expanded topics including the following: 


* Updated NEC? related topics * Additional nonmetallic conduit types 
* Arc-rated PPE and safety procedures * Essential electrical systems in health 
* Electrical test instruments and testing care facilities 
procedures * Renewable energy system installations 
* Ladder diagrams and applications * Updated structured cabling grounding 
and bonding 


* LED lamps and variable frequency 
drives (VFDs) 


Quick Quizzes '* 

Illustrated Glossary 
1 Flash Cards 

Media Library 


ATPeResources.com 


Commercial and Industrial Wiring includes access to online learner resources that reinforce textbook content 
and enhance learning. These learner resources include the following: 


e Quick Quizzes!" that provide interactive questions for each chapter, with embedded links to highlighted 
content within the textbook and to the Illustrated Glossary 


Illustrated Glossary that serves as a helpful reference to commonly used terms, with selected terms 
linked to textbook illustrations 


Flash Cards that provide a self-study/review of 
common terms and definitions, applicable codes and ISBN 978-0-8269-2077-5 


standards, and equipment 90000 

Media Library that consist of videos and animations 

that reinforce textbook content | 

ATPeResources.com, which provides access to | 
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additional online resources that support continued 


learning 0826 92077 


